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microbiological reagents and media 
TISSUE CULTURE and VIRUS PROPAGATION 
\\ These reagents are prepared and standardized to preserve unaltered 
ut the properties of the original material and include those commonly 


ay 
\\ ‘ employed for the slide, roller tube and flask culture techniques for 
propagation and study of tissue cells and viruses im vitro. 
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REAGENTS OF ANIMAL ORIGIN—Desiccated and Liquid 
Plasma, Sera and Serous Fluids, Embryos and Embryo Extracts, 
Ultrafiltrates. 


REAGENTS, CHEMICALL Y DEFINED—Dilute and Concentrate 
Synthetic Media—Eagle-HeLa, Eagle L, Scherer, 199, 703 and all 
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Simms, Tyrode and all formulas, 


ENZYMES * INDICATORS * AMINO ACIDS ‘ HYDROLYSATES 
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UNIFORMITY : STABILITY : ECONOMY 
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Prompt delivery from U.K. stock. Write for Difco Manual and technical leaflets to the sole agents: 


BAIRD & TATLOCK (LONDON) LTD., CHADWELL HEATH, ESSEX, ENGLAND 
Branches in London, Manchester and Glasgow Agents throughout U.K. and all over the world 
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Desiccator Shelf Areas Trebled 


The T. & M. Desiccator Cabinets 


(or Humidity Conditioning Chambers) 












With or without internal air circulation 
for quick stabilisation. 


Shelf area of 10 in. Desiccator = 71 sq. ins. 
Shelf area of small T. & M. Cabinet = 240 sq. ins. 


Originally designed to take large numbers of metallurgical specimens 
after polishing, they have found many uses in Laboratories, par- 
ticularly for stabilising samples at any predetermined humidity 
before testing. A table giving international data on humidity con- 
trols with saturated salt solution is available. As in our ovens, we 
recommend particularly the use of the closed circuit air circulation 


to give quicker stability for articles on the shelves. 
The T. & M. Desiccator Cabinet 


TOWNSON & MERCER LIMITED 


CROYDON Telephone: THOrnton Heath 6262 ENGLAND 
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REORGANIZATION OF INDUSTRIAL MICROBIOLOGICAL 


RESEARCH 


HE Council for Scientific and Industrial Research 

has been considering certain aspects of the organ- 
ization and support of microbiological research which 
isat present being carried out at the Water Pollution 
Research Laboratory, the National Chemical Labor- 
atory, the Ditton Laboratory and the Torry Research 
Station at Aberdeen. The Council believes that an 
industrial microbiological team is able to do the best 
and most effective work when it operates within a 
research laboratory concerned with the technology 
served by the team. This is a point of view with 
which one must agree where industrial research is 
concerned, and in the present case it is well exem- 
plified by the microbiological research now being 
undertaken in the Water Pollution Research Labor- 
atory and the food research laboratories. 

Although the Microbiology Group at the National 
Chemical Laboratory, numbering less than twenty, 
has undoubtedly done good work, the Council con- 
siders that the Group is not appropriately placed 
there; and therefore, apart from those working on 
the corrosion of metals, the chemical groups in that 
Laboratory do not benefit from the work of the 
microbiologists and, possibly, vice versa. So the 
Council believes that microbiological research work 
of the kind being done at the National Chemical 
Laboratory, apart from that concerned with the 
corrosion of metals, would in general be most 
effectively carried out in some university depart- 
ments; and it is proposed to encourage support of 
such work within the universities by means of 
financial aid. 

As a result of this, the Council is aiming at 
gradually dispersing the Microbiology Group now 
working at the National Chemical Laboratory. It 
is suggested that in future the work should be 
carried out as follows: (1) the Department of 
Scientific and Industrial Research will continue to 
maintain the National Collection of Industrial Bac- 
teria, though it should go to the Torry Research 
Station, Aberdeen, where there is: already a com- 
parable collection of marine bacteria; (2) the 
microbiological work concerned with the corrosion 
of metals will be retained at the National Chemical 
Laboratory and expanded there; (3) the funda- 
mental work on sulphur bacteria, at present being 
done at the National Chemical Laboratory, will end, 
though allied work, if justified, may be supported at 
§ university ; (4) fundamental work on the micro- 
bial formation of methane can be carried out at a 
wniversity. The applied research covered by (3) and 
({) is within the field of activity of the Water 
Pollution Research Laboratory, where any further 
hecessary work in this connexion will be done. 





IN BRITAIN 


The views of the Microbiology Committee of the 
Chemistry Research Board were made known fully 
to the Board itself, the Secretary of the Department 
of Scientific and Industrial Research and the Review 
Committee of the Council for Scientific and Industrial 
Research and, through the last-named, the Steering 
Committee of the National Chemical Laboratory and 
the Council: As a result, it is intended that the staff 
of the Microbiology Group at present working at the 
National Chemical Laboratory will be disbanded as 
such: the National Collection of Industrial Bacteria 
together with some workers will go to the 
Torry Research Station; some work will be 
transferred to the Water Pollution Laboratory ; 
other workers will remain at the National Chemical 
Laboratory. 

This proposal, which involves the division and 
dispersal of certain industrial microbiological research, 
and especially the removal of the National Collection, 
from the National Chemical Laboratory has not met 
with general approval, which is, perhaps, to be 
expected. Indeed, some microbiologists and others 
view the proposal with concern and are hostile to 
the idea of its being carried out before further 
inquiries have been made and the opinions of other 
scientists, especially microbiologists, sought. For 
example, the Institution of Professional Civil Servants 
and the Institute of Biology consider that the 
decisions being contemplated by the Council of 
Scientific and Industrial Research are to be deplored 
on both economic and scientific grounds. Moreover, 
they point out that there is no [microbiologist on 
the Council, and they claim that, since the 
recommendation was made without the Micro- 
biological Research Sub-Committee having been 
consulted, then this was done before proper advice 
was sought. 

Mr. Stanley Mayne, general secretary of the 
Institution of Professional Civil Servants, believes 
that the existence of the present Microbiology Group 
in association with the National Collection of Indus- 
trial Bacteria is of considerable importance to many 
industrial concerns, as exemplified by the number of 
inquiries that are made. Nevertheless, in spite of 
Mr. Mayne’s claim, it does not seem feasible that the 
work of dealing which such inquiries as are made or 
are likely to be made will become impossible if 
industrial microbiological research is distributed over 
a number of establishments. Much other closely 
connected scientific work is farmed out to different 
centres, both government and university, yet it does 
not appear to suffer in consequence. In fact, too 
much centralization and concentration can be a bad 


thing. 
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In a statement issued jointly by the Institution 
of Professional Civil Servants and the Institute of 
Biology on December 15, the main criticism was that 
advice had not been obtained from those most com- 
petent to judge before an important move was 
announced by the Research Council. Be that as it 
may, as already stated, certain authorities were 
advised beforehand, and, in any event, it does not 
follow that the decision is a bad one, especially if the 
main objective of those responsible for making it 
was the advancement of microbiological research for 
the benefit of the nation in general and industry in 
particular. 

The joint statement claims that the disbanding of 
the Microbiological Group at the National Chemical 
Laboratory is ill-advised and, if implemented, will 
damage the national economy, for “its function can- 
not satisfactorily be discharged by any other body”’. 
This criticism seems premature, especially in view of 
the future arrangements for microbiological. research 
being contemplated by the Council for Scientific and 
Industrial Research. The views expressed by the 
Council do not imply that microbiological research 
will be abandoned altogether ; neither is it suggested 
that the work now being done will be handed 
over to an incompetent body. It appears that 
the move aims at so dispersing the Group that 
each new subdivision will find itself working in 
the most appropriate and advantageous environ- 
ment. 

It certainly seems a pity that the National Col- 
lection of Industrial Bacteria should be separated 
from the research unit as a whole; though some 
microbiologists will no doubt still be in direct associa- 
tion with it. In any event, if there is to be dispersal, 
then the Council has no choice other than to recom- 
mend the removal of the Collection to a place where 
it is of maximum service to science and industry ; 
if, as is suggested, only the microbiological work on 
metal corrosion is to remain at the National Chemical 
Laboratory, then there seems little justification for 
the Collection remaining where it is. Most type 
collections and other national collections are inevit- 
ably centred at one, or just a few, places, in spite of 
the fact that cognate research may be very widely 
dispersed. It is difficult to see how this can be 
avoided. As the joint statement issued by the 
Institution of Professional Civil Servants and the 
Institute of Biology points out, removal of the 
Collection to Aberdeen might prove inconvenient, 
especially since, as the statement claims, the majority 
of requests for technical help, the supply of cultures 
and the checking of purity come from the south of 
Britain. Moreover, visitors from abroad would prob- 
ably find the siting of the Collection at Aberdeen 
somewhat of a nuisance. Apart from this, however, 
if the Collection is to be moved at all, Torry Research 
Station appears to be a very appropriate institution. 
The joint statement suggests that the Microbiology 
3roup should either stay where it is or, if it is to be 
transferred out of the Department of Scientific and 
Industrial Research, it should be linked with the 
Microbiology Research Establishment of the Ministry 
of Supply at Porton. But the Council’s statement 
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says that if it goes to the Torry Research Station, 
the National Collection will still be maintained by 
the Department of Scientific and Industrial Research, 
Movement to Porton would bring the National (Co). 
lection and its personnel in touch with medica] 
instead of marine biological research, so, apart from 
difference in geographical site, the suggested move 
to Porton as opposed to Aberdeen seems to hayoe 
little to recommend it. 

The Institution of Professional Civil Servants and 
the Institute of Biology have made it quite clear 
that they deplore the splitting up of the present 
Group, and suggest that it should be established as 
a self-contained entity within the Department of 
Scientific and Industrial Research. Although there 
is much to be said in favour of this, the Couneil 
for Scientific and Industrial Research has also much 
in its favour in suggesting that microbiologists should 
work in a research laboratory most closely connected 
with the technology involved: this latter proposal 
must inevitably lead to a certain amount of farming 
out of the work. There is certainly much to be said 
for fundamental investigations of sulphur bacteria 
and the microbial formation of methane and, indeed, 
other aspects of microbiology, being supported by 
and in certain universities. Indeed, the institution 
of Professional Civil Servants and the Institute of 
Biology concur with this proposal. The selected 
universities would offer certain biological and other 
facilities not to be found elsewhere. Such a develop- 
ment would seem to follow closely along the lines of 
policy adopted by the Australian Commonwealth 
Scientific and Industrial Research Organization, under 
the auspices and financial support of which varying 
scientific and industrial research laboratories are 
actually situated on the campuses of every university 
in Australia. 

Other aspects of the case have, so far as we are 
aware, not been mentioned; for example, possible 
domestic problems and probably upheavals due to 
personnel being moved from the south of England to 
Aberdeen and the longer distances to be travelled in 
order to attend most conferences and meetings of 
learned societies, etc. But if the move is deemed of 
real advantage to the development of microbiological 
research, such obstacles must be accepted and over- 
come. 

Obviously there is a schism in opinion concerning 
this case ; and there is much to be said in favour of 
the proposal and against it. It can be taken for 
granted, however, that the Council for Scientific and 
Industrial Research delved deeply into the various 
aspects of the case before advising the splitting up 
of the Microbiology Group at the National Chemical 
Laboratory ; so it will be a matter of time befor 
judgment can be brought to bear on the proposal, if 
carried out. On the face of it, despite the disadvan- 
tages involved and inconveniences incurred, the dis- 
tribution envisaged by the Council might wel 
contribute to the advancement and advantage of 
industrial microbiology. The merits of division and 
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dispersal may outweigh the demerits of disruption 
to the benefit of fundamental and applied micro- 
biological research. 
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PROFESSIONAL METEOROLOGY 
AND EVERYDAY NEEDS 


Everyday Meteorology 

By Prof. A. Austin Miller and M. Parry. Pp. 270+ 
99 plates. (London: Hutchinson and Co. (Pub- 
lishers), Ltd., 1958.) 30s. net. 


Farming Weather 

By L. P. Smith. (Nelson’s Agriculture Series.) 
Pp. ix+208+8 plates. (Edinburgh and London: 
Thomas Nelson and Sons, Ltd., 1958.) 15s. net. 


RITISH people are notorious for using their 
weather as @ conversational gambit and as an 
alibi for Latin holidays. This combination of naive 
intolerance and bemused escapism is reflected in the 
startling fact that the Meteorological Office is run, 
quoting Prof. A. A. Miller, ‘‘on a total annual budget 
of little more than the cost of a single modern 
bomber”. Moreover, the proportion of this pittance 
allocated to specialized weather forecasting and 
advisory services, for example, for farmers and 
growers, is small compared, for example, with that 
devoted to upper-air research. The current pre- 
occupation of our mathematical meteorologists with 
the physics of the atmosphere and the traditional 
vwstriction of Dunstable to sweepingly generalized fore- 
casts marketed afterwards in newspapers and on tele- 
vision screens has perpetuated our habitual neglect 
of applied meteorology in terms of our everyday needs. 
It is not surprising that, of the two volumes under 
review, one has been written by two geographers 
pledged to teach the weather not only per se but also 
inrelation to society, and the other by a meteorologist 
pledged to direct weather advice to farmers and 
growers. Both books achieve an easy, readable style. 
“Everyday Meteorology” deals with the origin and 
collection of weather data, the causes of weather, 
and the significance of frontal zones and air masses 
in the atmospheric circulation. Local and world 
types of weather are then described and finally 
some problems of weather forecasting, of ‘living 
with’ the weather and of ‘harnessing’ the weather, 
are discussed. Attempts at three-dimensional 
representation of weather systems are, unfortunately, 
few and in two instances quite misleading. In Figs. 38 
and 39 upper winds relating to horizontal profiles 
are inserted on vertical cross-sections through frontal 
systems. The impression given in the second diagram 
is of a wind blowing down towards the Earth’s surface 
through a large cumulus cloud. Parts of Chapter 9 
are conspicuously inadequate in reference to soil 
climate, the growing season and land aspect. “A 
soil containing much water”’ is not necessarily “a clay 
soil” (p. 192), and the optimum insolation slope varies 
with the time of year between south-west and south- 
east (p. 197). These and other minor omissions and 
inconsistencies tend to detract from what is otherwise 
an attractively compiled work which renders acces- 
sible to the layman many meteorological ideas which 
might otherwise be beyond him. 

“Farming Weather” aims at a particular section 
of the popular market. It presents a digestible and 
comprehensive survey of weather elements and 
factors and weather forecasting as they affect 
agriculture. The lack of precise recommendations to 
farmers on coping with weather hazards may be 
criticized by some. It should be stressed, however, 
that every farm, indeed every field, may require 
different weather advice because of small-scale 
variations in land morphology, soil conditions and 
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associated micro-climates. Generalized advice, 
even for a local district, may be relatively useless. 
Adequate consultation of L. P. Smith’s book should 
enable the farmer, or grower, to plan his programmes 
so as to anticipate certain weather hazards and 
accommodate them when they occur. 

Professional meteorology would benefit by devoting 
more effort than heretofore to the applied problems 
so ably discussed in these two volumes. “Meteorology 
without Mathematics” may be regarded as imprac- 
ticable and futile by the meteorologists, but mathe- 
matics without a morphological approach to weather 
study seems unlikely to provide us with a properly 
trained and localized advisory weather service. 

James A. TayLor 


THE LIVING MOLLUSC 


Molluscs 
By Dr. J. E. Morton. Pp. 232. (London: Hutchin- 
son and Co. (Publishers), Ltd., 1958.) 10s. 6d. net. 
LTHOUGH Dr. J. E. Morton states that there 
has been no general book on malacology written 
in Britain for forty-five years and so claims comparison 
with B. B. Woodward’s brief “Life of the Mollusca’, 
his book bears comparison better with Pelseneer’s 
“Mollusca” published in 1906. Of necessity both 
much shorter and far less fully illustrated, yet it 
marks a notable stage in the growth of knowledge 
concerning the most structurally diverse of the 
invertebrate phyla. Pelseneer’s volume represented 
the culmination of a notable period of comparative 
anatomy ; it left the stage set for elucidation of the 
function of organs there so clearly described. 

Dr. Morton’s book represents the first comprehen- 
sive attempt, probably in any language, to summarize 
what has more recently been discovered about the 
function and significance of these organs, adding up 
in many cases to a very full understanding of the 
mode of life of the animals possessing them. He is 
particularly well qualified to deal with such matters 
by the beauty of his research and the distinction 
of his writing. Thus we read that “If pulmonates 
lack the structural variety shown by opisthobranchs, 
this is because they have made a much more subtle 
use of physiological adaptations’, that the Gastro- 
poda are a “living museum of adaptive morphology, 
nearly every family having some distinctive pattern 
to show’’, that nudibranchs are “‘the most colourful 
and extravagant of all gastropods”, that “‘cephalo- 
pods are organized upon a more stereotyped pattern 
than gastropods or lamellibranchs; but this is a 
pattern of high success”. He surmises that the extinct 
ammonoids ‘“‘could make leisured saunters’’. 

There is much to praise in this book and for any 
student of the Mollusca, as I have found, to learn from 
it. The restriction on length has made possible a 
price well within the range of all, amateur, student or 
professional zoologist, interested in malacology. It 
is, however, unfortunate that there is so little space 
and so indifferent a printing surface for the text- 
figures at which the author excels. 

All this is not to say there is not matter for criticism. 
The impression is given that the bivalves possess a 
‘two-piece’ shell, whereas the ligament is an integral 
part of the shell. Those who study oysters will be 
surprised to discover that at no stage is there a foot 
or a byssus gland, also that the adult may “break 
free”. Although classification of the bivalves is 
far from satisfactory, matters are not improved by 
employing that of Douvillé. C. M, YonceE 
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RESPONSES OF INVERTEBRATES 


An Introduction to the Behaviour of Inverte- 
brates 

By Dr. J. D. Carthy. Pp. xi+380+4 plates. (London: 

George Allen and Unwin, Ltd., 1958.) 45s. net. 


ERE is a useful summary of a large volume of 

literature on some responses of invertebrates to 
experimental stimulation. It is not, therefore, a text- 
book of behaviour, which is a larger subject including 
spontaneous activities, memory and central control 
mechanisms. There are chapters on the responses to 
stimulation in each of the main sensory modalities, 
including humidity changes and the contact chemical 
sense, in addition to those more familiar from our 
own experience. The final chapter, on whole patterns 
of behaviour, is disappointing, since the behaviourist 
approach and that of the neurologist are both 
excluded, leaving an account of the reactions to 
combined stimuli. 

The coverage is excellent. The recent literature is 
summarized together with the old, but in some 
instances the necessary re-interpretations are not 
forthcoming. First, for example, in this decade a 
number of workers have shown that the angle of light 
acceptance of an ommatidium is wide compared with 
the interommatidial angle. Much of the earlier work 
on visual acuity and form vision by the apposition 
compound eye must now be attributed to post-retinal 
mechanisms. For a longer period it has been known 
that the principal physiological responses of many 
eyes change with time, and, in particular, some 
rapidly moving diurnal insects have little but an 
‘on’ and an ‘off’ response. Form vision must then 
depend on relative movement of the eye and the 
object, and again must be attributed to post-retinal 
integration. Hassenstein’s analysis of the Wechselfolge 
of Chlorophanus is an example of the new approach 
to this mechanism. Secondly, a most important 
theory of the relation between spontaneous move- 
ments and the responses to stimuli is that of von 
Holst; this is barely mentioned under the name 
re-afferentation, but not explained. Recent results 
from the Tiibingen school demonstrate the explana- 
tory value of these concepts in this field, and they 
deserve a better treatment. 

In my own special field the literature summary 
is accurate, a judgment which can probably be 
extended to the remainder. The difficulty is not the 
labour of being acquainted with the material ; it is 
the comprehension of its relation to the main body of 
knowledge. The solution of this problem distinguishes 
a synthesis from a compilation. 

However, this is mild criticism. The book represents 
the painstaking and useful labour of summarizing a 
vast, diffuse and unsatisfactory field of zoology. The 
responses of whole animals to the somewhat artificial 
circury .ances required by experimental analysis are 
notoriously difficult to interpret. Often a particular 
species is studied by only one author, so that com- 
parisons are difficult and may not be valid. The 
experiments must often be made statistically with a 
large number of animals so that the mechanism 
within an individual is not easily approachable. This 
brings me to the final point. The introduction of 
delicate electrophysiological methods for the analysis 
of the actual performance of sense organs as trans- 
ducers has led to a quiet revolution in our apprecia- 
tion of the various parameters of a stimulus which can 
possibly be of importance to the animal. The probleni 
of the origin of the integrated response is thereby 





usually pushed back into the central nervous 

but at least an advance is made. Neither this book, 

nor its predecessors, claims to synthesize this mor 

recent neurophysiological analytical approach with 

the ‘behaviour’ of the whole animals. Perhaps the 

effort is doomed to frustration for a long time to come, 
G. A. Horrmesz 


FACT AND VALUE IN THE 
SOCIAL SCIENCES 


Value in Social Theory 

A Selection of Essays on Methodology. By Gunnar 
Myrdal. (International Library of Sociology and 
Social Reconstruction.) Pp. xlvi+269. (London: 
Routledge and Kegan Paul, Ltd., 1958.) 32s. net. 


N this book, Dr. Myrdal faces a simple but at the 
same time unsolved problem which has over. 
shadowed the social sciences since their inception, 
namely, the relation between statements of fact and 
statements of value. As an economist, he found 
himself in his earlier days compelled to reject the 
solution of the ‘‘welfare economists” ; in later years he 
was equally repelled by the “naive empiricism” of the 
American institutional school, with the result that 
the value problem has come to be a “major preoccupa- 
tion” for him, and questions of methodology have 
been for many years one of his continuing in- 
terests. 

Dr. Myrdal’s position at the present time is 
directly dependent on an acceptance and development 
of the view that ‘objective’ values cannot be estab- 
lished and known by scientific processes ; subjective 
evaluations can be observed and analysed, but their 
validity and their significance for social theory only 
arise out of their acceptance by specific individuals 
and groups. In consequence, when Dr. Myrdal pro- 
duced his great survey of race relations in the United 
States, ““The American Dilemma”’, he made his value 
premises explicit, and based them so far as possible 
on observation. He made no attempt to argue that 
they could be incorporated in a body of fact and 
doctrine created by the research itself. He now 
concludes in the present book that valuations are 
necessary in all scientific work, and that ‘“‘the final 
solution of the value problem in economic and in the 
social sciences generally must . . . be to set up a method 
by which human valuations are rationally and openly 
introduced into theoretical and practical research to 
give it direction and purpose to make it both unbiased 
and relevant to life’. No research can, therefore, be 
wertfret. 

This is the point at which Dr. Myrdal leaves the 
argument in his “Postscript”. It may be pointed out, 
however, that it is somewhat paradoxical to speak of 
the ‘introduction’ of values into research in this way 
because the very nature of science as a human 
activity is dependent on the logical presupposition 
that it should be unbiased. Moreover, as Mr. Streeten 
points out in the introduction to Dr. Myrdsl’s essays, 
the analysis and public discussion of beliefs and 
valuations tend to produce changes in them, and 
scientific inquiry thus plays its part in their formation. 
There is thus a connexion between fact and value, t 
this extent at least. If, however, it must be concluded 
that the social sciences cannot be ‘objective’ m 
Max Weber’s sense because the connexion is not 4 
logical one, there is nevertheless a limited area within 
which their explanation of man’s behaviour is scienti- 
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fic, because, as Dr. Myrdal puts it, “there is a great 
deal of practically mechanistic causation in human 
life’ ; in particular, resistances to social change are 
“enormous”, and the tendency for social phenomena 
to repeat themselves is correspondingly great. The 
true paradox in the social sciences which lies at the 
end of the Myrdal-Streeten argument is then that as 
the deeper understanding of social phenomena makes 
it possible to free them from the operation of ‘mechan- 
jstic causation’ in some measure, the social sciences 
must be supposed to contain within them, to the same 
extent, the seeds of their own destruction. 
T. S. Smvey 


BIOCHEMISTRY IN MEDICINE 


Advances in Clinical Chemistry 

Vol. 1. Edited by Harry Sobotka and C. P. Stewart. 
Pp. xi+398. (New York: Academic Press, Inc. ; 
London: Academic Books, Ltd., 1958.) 12 dollars. 


ene most aspects of biochemistry have been 
adequately covered in many recent review 
journals, clinical chemistry has featured in the 
literature of recent years more in the form of new 
outlets for original papers and in a spate of fairly 
elementary texts. The present volume is therefore 
to be welcomed, since it is the first of a series in which 
selected topics will be reviewed thoroughly and 
authoritatively by experts who are actively working 
in the field which they describe. The authorship of 
this first volume is thoroughly international in com- 
position ; of the nine authors five are in Europe, 
three in America and one in Australia, while the two 
aditors live in New York and Edinburgh respectively. 

Any publication dealing with clinical chemistry is 
liable to become a mere compendium of methods. 
While methods feature very prominently, and rightly 
80, in this book, their appearance is balanced by an 
equally exhaustive discussion of what the editors 
term “the fundamental biochemical abnormalities 
which underlie disease’. The choice of subjects has 
been very skilfully made to give a wide coverage of 
problems of topical interest. Thus the chapter by 
Wréblewski on the clinical significance of transamin- 
ase activities in serum is a welcome reminder that this 
enzyme is of interest in several conditions other than 
coronary thrombosis. The topical subject of 5-hydroxy- 
tryptamine and related compounds is covered by 
Dalgleish in a survey which differs from other recent 
reviews in being predominantly biochemical rather 
than pharmacological. Thyroid function is dealt 
with in Chaney’s chapter on the analytically complex 
problem of the determination of protein-bound 
iodine and in Silver’s contribution on plasma-levels of 
iodine-131. Plasma iron is competently dealt with 
by Ramsay. Two chapters which are essentially 
methodological, but which will be welcomed for their 
detailed and critical treatment of their subjects, are 
Neher’s review of the determination of individual 
adrenocortical steroids and Owen’s section on paper 
dlectrophoresis of proteins. Josephson contributes a 
brief but useful chapter on the composition of body 
fuids in childhood, and in collaboration with Ek also 
discusses the assessment of the tubular function of 
the kidneys. 

Without attempting to detract from the value of 
the book, I would like to express an objection to the 
‘rm ‘clinical chemistry’. The subject so named, 
wiles it be regarded merely as a technical exercise 
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in chemical analysis, is essentially a division of the 
wider discipline of biochemistry in which biochemical 
principles are applied to the scientific study of disease 
in the hospital laboratory. While ‘clinical chemistry’ 
is certainly preferable to the alternative term ‘chemi- 
cal pathology’, the most appropriate title is undoubt- 
edly ‘clinical biochemistry’ or ‘pathological bio- 
chemistry’. J. N. Davripson 


THE COLOURS OF DOGS 


The Inheritance of Coat Color in Dogs 
By Clarence C. Little. Pp. xiii+194. (Ithaca, N.Y. : 
Comstock Publishing Associates, Cornell University 
Press; London: Constable and Co., Ltd., 1957.) 
34s. net. 

OST scientific breeders and geneticists will 

already know Dr. C. C. Little’s book, which is 
making its appearance here under an English imprint. 
It gives the results of many years of research at Bar 
Harbor and in the author’s own dog colony into the 
inheritance of the coat-colour patterns of most of the 
commercially important breeds of dog. In all, ten 
loci, some with several alleles, are discussed, and 
4,100 pups of twenty-eight breeds have been raised 
in the laboratory colony—the rest of the results have 
come from co-operating breeders, through the 
American Kennel Club. This successful co-operation, 
which seems to have been very critically carried out, 
is one of the most interesting features of the study. 
Genetics are not the only field in which use could be 
made of the large number of dogs bred annually— 
longevity studies and surveys of the incidence of 
tumours have recently been attempted for various 
breeds, and although colour-scoring places a less 
exacting demand on those breeders who co-operate, 
the scale of Dr. Little’s support is encouraging as an 
index of what could be done with this otherwise 
wasted biological information. 

Breeders themselves stand to gain from the results 
of the study ; the author has attempted to accom- 
modate them, in a book directed chiefly to professional 
geneticists, and secondarily, perhaps, to veterin- 
arians, by including a short refresher chapter on the 
mechanisms and terminology of inheritance, but this 
will only make his findings clearly intelligible to non- 
biological readers if they have a reasonable prior 
knowledge of genetics. 

The results are concisely presented, first by loci 
and then by breeds. It is difficult for anyone not in 
the field to criticize the detailed conclusions reached. 
For the generality, one of the most useful items is a 
summary list of twenty-one breed- and colour-types 
where the genes represented are known with reasonable 
certainty. Little considers that ‘true’ albinism, with 
complete absence of skin pigment and with pink eyes, 
probably does occur in dogs, and that the ‘blue-eyed’ 
albino dogs and cats mentioned by Burns arise by a 
different mechanism. The effects of various modifiers 
upon the extent of pigment patches are well illus- 
trated by drawings. Cases of supposed red-black 
somatic mutation in cocker spaniels are discussed : 
here as elsewhere the book is a provocation toe the 
pigment chemist to find out the nature of the differ- 
ences induced genetically between adjacent skin 
areas. It sticks strictly to its last, however: there 
is no general discussion of pigment epigenetics, and 
only incidental treatment of the problem of analogy 
between canine and other mammalian pigmentation 
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genes; the substance of Dr. Little’s recent and 
authoritative review of coat-colour genes in rodents 
and carnivores would be a useful additional chapter 
for future editions without making the book over- 
large, and would widen its use for reference purposes. 
It is already a valuable standard work, and a tribute 
to the patience of its author which only those of his 
colleagues who work with the longer-lived mammals 
will fully appreciate. Atex ComMForRT 


FLORA OF WEST AFRICA 


Flora of West Tropical Africa 

The British West African Territories, Libreria, The 
French and Portuguese Territories South of Latitude 
18° N. to Lake Chad, and Fernando Po. By Dr. J. 
Hutchinson and Dr. J. M. Dalziel. Second edition 
revised by R. W. J. Keay. Vol. 1, Part 2. Pp. 
ii+ 297-828. (London: Crown Agents for Oversea 
Governments and Administrations, 1958.) 55s. 


CIENCE, fortunately, need not always wait on 
politics, and for thirty years the essential unity 
of the Upper Guinea region of Africa has been recog- 
nized and provided for by an excellent “Flora”. 
It is not without interest to trace the historical back- 
und. 

During the middle part of last century large collec- 
tions of dried plants (herbarium specimens) began to 
arrive at Kew from what was then the British 
Empire, and Sir William Hooker, followed by his son 
Sir Joseph Hooker, initiated and undertook the vast 
project of providing “Floras” of these territories. 
The four major works, which started publication in 
1860, were, in chronological order : ‘‘Flora Capensis”’, 
“Flora Australiensis”’, “Flora of Tropical Africa” 
and “Flora of British India”. Of these the “Flora of 
Tropical Africa” (Vol. 1, published in 1868) was by 
far the least satisfactory for, with a few exceptions, 
only the periphery of the area was well known, and 
the earlier volumes often contained no more than 
about 10 per cent of the species now known to science. 
In the later decades of the nineteenth and the earlier 
decades of the twentieth centuries German botanists, 
inspired by Adolf Engler and encouraged by the 
political climate of German imperial expansion in 
Africa, did a vast amount of botanical work on tropical 
Africa, often without very close co-operation with 
similar work at Kew and the British Museum. By 
the 1920’s the taxonomy of the flora of tropical 
Africa was in real confusion, and it was realized at 
Kew that a solution had to be found. Whether it 
would have been better to start a new edition of the 
“Flora of Tropical Africa” (the first edition of which 
has not been entirely completed to this day) is a 
matter of opinion, but the decision was taken, pro- 
bably rightly, to start a new series of African regional 
“Floras’. With institutional and, indeed, inter- 
national co-operation, botanical work on Africa 
south of the Sahara has proceeded along that course 
with a fairly satisfactory regional division of the 
territory, leaving, however, a few unfortunate lacunae, 
of which the French Cameroons — French Congo 
region is the worst. 

This brief historical summary is necessary to see 
the “Flora of West Tropical Africa” in perspective. 
It was the first of this new series of regional floras 
but differed fundamentally, in many respects, both 
from its aged parent and from its later successors 
(“Flore du Congo Belge”’, now well advanced ; ‘‘Flora 
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of East Tropical Africa’, in course of publication; 
and ‘Flora Zambesiaca”, in gestation). The original 
edition was initiated by Sir Arthur Hill, then director 
of Kew, financed by the British West African 
Governments, entrusted to Mr. (now Dr.) J. Hutchin. 
son and the late Dr. J. M. Dalziel and completed over 
the period 1927-36. This represented very rapid 
work, and speed of production and conciseness were 
two of its main features. Synonymy, references and 
descriptions were cut to a minimum ; but there were 
rather elaborate keys containing descriptive elements 
and the illustrations were generous. The arrange. 
ment of the families departed considerably from 
Bentham and Hooker traditions by following 
Hutchinson’s own ideas on classification—usually, 
though not invariably, an improvement on the older 
one. 

The work was at the time the only large-scale 
modern “Flora” of tropical Africa available and was 
in great demand not only in the territories for which 
it was intended but also throughout Africa, provid. 
ing, often enough, the means for the field-botanist to 
achieve at least generic determinations anywhere in 
Africa south of the Sahara. It is not surprising that 
the first edition soon sold out, and it is gratifying that 
Kew has been able to undertake a much-needed 
revision and second edition. 

This second edition was entrusted to Mr. R. W. J. 
Keay, of the Department of Forest Research, Nigeria, 
assisted by Mr. F. N. Hepper and several other 
members of the Kew staff. Keay, with an excellent 
knowledye of the plants obtained in the field, most 
unusually joined with an admirably balanced taxon- 
omic judgment, has made a magnificent job of it, 
correcting the many errors which had not unnaturally 
been discovered with the passage of time in the original 
work and reorganizing some portions completely, 
although keeping the original format and reconciling 
so far as possible the conflicting claims of accuracy 
and speed. It is a splendid work of the highest value 
and importance taxonomically, 
economically. To see the extent of change and pro- 
gress represented by the second edition, one may 
turn to the important genus Cola, entirely rewritten 
with the help of Mr. J. P. M. Brenan, and note that 
twenty-five species have expanded to forty-two and 
that nine more are recorded as still imperfectly 
known. 

The part now under review is of great economic 
importance, containing the Leguminosae (divided 
into Caesalpiniaceae, Mimosaceae and Papilionaceae) 
and the Meliaceae (African mahoganies). In review- 
ing a second edition it is hard to decide exactly what 
criticism is legitimate, in view of the fact that the 
format of the original cannot be drastically changed. 
Though Keay has partially removed them, there still 
remain traces of a certain Kew insularity. It is, one 
supposes, to be taken as almost axiomatic that any 
specimen cited is represented in the Kew Herbarium ; 
but this is not always so, and it may be suggested that 
the internationally accepted system of herbarium 
abbreviations should have been used to indicate the 
location of specimens. Of minor errors there are, of 
course, & few, inevitably so in a work on this scale, 
but the general standard is very high and to pick 
out the odd slip for criticism would reflect more on the 
mentality of the reviewer than on the ability of the 
editor. The price (55s. for 532 pages) is a considerable 
increase on that of Part 1 (25s. for 295 pages) and 4 
stronger paper cover might have been provided in 
view of the increased bulk. A. W. ExEtt 
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NEW INVESTIGATIONS WITH SCEPTRE III 


From the Research Laboratory, Associated Electrical Industries Ltd., 
Aldermaston Court, Aldermaston 


Axial Positive lon Velocities in Sceptre Ill 
By T. P. HUGHES and Dr. S. KAUFMAN 


Tae spectral lines of highly ionized atoms in the 
high-current discharges in Zeta and Sceptre’ show 
marked Doppler broadening. It has yet to be shown 
conclusively that the ion motion involved is due to a 
high ion temperature. If this is the case, one of the 
conditions which should be satisfied is that the 
broadening should be independent of the direction 
fom which the discharge is viewed. In the work 
referred to above, the discharge was viewed only in 
the radial direction, that is, perpendicularly to the 
gas current. One aim of the experiments reported 
here was to make observations of the broadening in 
the directions parallel to, as well as perpendicular 
to, the gas current. 

The other aim was to measure ion drift velocities. 
It has been shown®*.* that those deuterons which under- 
go nuclear reactions have a mean centre-of-mass 
velocity parallel to the gas current of about 5 x 107 
em. sec.-!. One interpretation of these observations 
is that a small fraction of the deuterons are acceler- 
ated to velocities of about 10° cm. sec.-!, and that 
these react with other comparatively slow deuterons?. 
Another possible interpretation is that the gas is 
moving parallel to the current with a velocity of 
5 x 10? em. sec.-1. If impurity ions such as OV 
were to possess a comparable drift velocity, a marked 
wave-length displacement would be detected by 
tangential spectroscopic observations. This point 
has also been made very recently by George‘. In 
this work, preliminary observations have shown that 
the magnitude of the O V Doppler widths is indepen- 
dent of the line of sight and that some impurity 
ions (for example, O V, C V) possess axial velocities 
of about (1 — 2) x 10* em. sec.-' in the direction of 
positive ion current. 

Jhe optical arrangement is shown in Fig. 1. Light 
leaving the centre of the discharge tangentially was 
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directed into a Hilger medium quartz spectrograph 
either by the mirrors, A, Band C or by A’, B’ and C’, 
thus allowing observations in 
opposite tangential directions to 
be made. The mirror C could be 
replaced by the mirror C’, or 
removed completely to permit 
radial observations. Spectra 
from these three lines of sight 
were recorded for comparison 
using a Hartmann diaphragm 
placed in front of the spectro- 
graph slit. Only short ex- 
posures of about 50-100 dis- 
charges were possible because 
the quartz window in the torus 
wall soon became covered with 
an opaque metallic deposit. The 
customary few hundred dis- 
charges needed to reach stable 
operating conditions after open- 
ing the vacuum system to the 
atmosphere were therefore omit- 
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COMPARISON OF OBSERVATIONS IN RADIAL AND TANGENTIAL DIRECTIONS 
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Table 1. 
f 
| Direction | Initial | | 
No.of | of | axial Displacement 
primary electric | magnetic | Ion |——---— oe 
turns field field AAA.) A# (A.) 
} | (oersted) | 
16 | normal | 1,000 | OV | -0-07 £0-05 | +0-08 0-05 
| 2 yr} —Q- LO. ‘ J 
16 | nomat | sn |{¥| Sa ssae| T8888 
16 reversed | 500 OV! +0°13+0-05 | —0-10+0-05 
8 normal | 500 OV| —0-1350-05 | +0-12+0-05 
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| 
Meanion | O V half-intensity width Mean 0 V ion | 
velocity | ‘temperature’ 
(em, sec.~*) | AWr(A.)| AW(A.)| AW’ (A.) (deg. K) | 
} 
ihitaannensitinceemcnbneaneoal SS 
(0-8+0-4) x10*| 0-840-1 | 0-740-1 | 0840-1 | (1-4+0-3) x19 
(1-6+0-4) 0-7£0-1 | 0-740-1 | 0-740-1 | (1140-2) 
(2-6+0°6) 
(1240-4) 0540-1 | 0640-1 | 0640-1 | (0-6+0-1) 
(1-3+0°4) | 00-7401 | 0-7+40°1 | 0°8+40-1 | (1240-2) | 














Gas, deuterium at a pressure of 1-4 millitorr; condenser voltage, 25 kV. 


ted, with the result that the impurity concentration 
was abnormally high. 

The spectrograms showed that measurable dis- 
placements occurred in the wave-lengths of the O V 
triplet at 42781 A., and, in the one set of exposures 
where it could be seen, of the C V triplet at 12271 A. 
These lines are most strongly excited in the central 
region of the discharge column’. The displacements 
of the O V lines when the direction of the electric 
field is normal may be seen in Fig. 2, which is an 
enlargement of a typical spectrogram. Many other 
lines showed smaller displacements. However, the 
wave-lengths of several lines of singly ionized metal 
atoms did not vary perceptibly from one direction of 
view to another: these lines are but feebly excited 
at the axis of the torus. One of them, the Mg II line 
12795-53 A., was therefore used as a reference wave- 
length from which the position of each member of the 
O V triplet, when viewed in the three different direc- 
tions, could be obtained by microphotometry : 
another, the Cu IT line (2276-25 A., served as a refer- 
ence wave-length for the C V triplet. The results 
are shown in Table 1. The wave-length displacements 
are given with respect to the wave-lengths obtained 
from the radial observations, the latter being in good 
agreement with published values. A) is the mean 
displacement of the triplet when the discharge is 
viewed using the mirror system ABC, and A)’ is 
the corresponding value when viewing with A’B’C’. 
The mean velocities of the emitting ions have been 
obtained from these displacements on the supposition 
that they are due to the Doppler effect alone. The 
Zeeman. effect, which would produce symmetrical 
splitting of the lines, must be discounted. Only the 
quadratic Stark effect need be considered. This 
eannot account for more than a small fraction of the 
observed displacements because it would produce a 
shift in one direction only, irrespective of the line of 
sight. The ion velocities are in each case in the 
direction of positive ion current flow. 

On the basis that the intensity ratio of the two 
strongest lines of the O V triplet is independent of 
the direction of view and has a value of 2-0 (measured 
in previous radial observations when an intensity 
calibration of the photographic plate was possible) 
the half-intensity width of the strongest O V line was 
measured. In Table 1, AW zg is the width observed 
in the radial direction of viewing; AW and AW’ 
were obtained for the two tangential directions using 
mirror systems ABC and A’B’C’ respectively. The 
mean O V ion ‘temperature’ was obtained from the 
average of these widths over all three directions, by 
the method of Voigt profiles. 

The agreement between the Doppler widths for 
different viewing directions is consistent with the 
broadening being caused by real O V ion temperatures 
of about 10° deg. K. occurring in the plasma under 
the operating conditions described above. The 


existence of such temperatures is not proved con- 
clusively because light from many discharges js 
required for a single measurement and the possibility 
of random mass motion still remains. The directed 
velocities of the O V ions are more than an order of 
magnitude less than the centre-of-mass velocity of the 
reacting deuterons. Nevertheless, they are unusually 
large for positive ions, and their implications are 
considered by Ware in the following communication. 
In future work it is hoped to measure these velocities 
more exactly with a spectrograph of larger dispersion 
and to ascertain their dependence on ion mass and 
charge. 

We are indebted to Dr. A. A. Ware for helpful 
suggestions during the preparation of the manuscript 
and for his constant interest in the work. It is a 
pleasure to acknowledge the co-operation of Mr. 
R. F. Hemmings and Mr. J. E. Read, who were respons- 
ible for the engineering and operation of Sceptre. 

This work was supported in part by a contract 
from the Atomic Energy Research Establishment, 
Harwell, and is published with the permission of 
Dr. T. E. Allibone, director of the Research Labora- 
tory, Associated Electrical Industries, Limited. 
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The Positive lon Heating Mechanism in 
Sceptre Ill 


By Dr. A. A. WARE 


N the many experiments which have been made on 
the pinch effect in both straight and toroidal 
discharge tubes, the results indicate consistently an 
electron temperature (7',) well below that predicted 
theoretically assuming no heat losses. The electron 
temperature has been deduced from the electrical 
conductivity'*, spectroscopic data*.* and micro- 
wave measurements‘, and the results all lie in the 
range 5 x 10‘ to 5 x 10° deg. K. With no heat losses 
the energy dissipated in the gas would have yielded 
temperatures 10-100 times greater (see, for example, 
Allen eé al.*). Similar low electron temperatures are 
observed in the Stellarator*. Several speculations 
have been made concerning the mechanism by which 
the electrons lose their energy**, and an important 
piece of evidence was obtained by Colgate’, which 
indicated that a large flux of electrons with energies 
in the range 2-4 keV. was striking the walls. This 
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Table 1 
Measured quantities Derived quantities 
ow | : | O V-ion Deuteron Deuteron Electron 
Applied Gas current Electric field Discharge velocity density velocity velocity 

| magnetic field in gas, E radius, @ Vo na vd ve 
| (gauss) (amp.) (volt cm.-*) (cm.) | (cm. sec.*) (cm.-*) (cm, sec.—*) (cm. sec.—*) 
oa 500 1:0 x 10° 3-0 8 1-6 x 10° 3°5 x 10% 4-6 x 10° — 4:4 x 10° 

1,000 1-4 x 10° 2:3 10°5 0-8 x 10° 2-0 x 10** 6-0 x 10° — 7x 108 

Na=7 x 10% cm-! 


flux was estimated to be of the right order of magni- 
tude to explain the energy loss. 

The results of measurements of Doppler broadening 
of spectral lines from Zeta®, Sceptre III’ and the 
Stellarator?® are consistent with the positive ions 
having temperatures appreciably greater than the 
electron temperature and in the range 10* to 5 x 
10° deg. K. Because of the possibility of a mass motion 
occurring in the gas with random magnitude and 
direction, the results do not prove the existence of 
these temperatures. If the temperatures are real, the 
result T'iion > 7’. is novel for discharges of this type. 
Thus, one of the main processes by which the ions 
were expected to be heated was by collision with 
electrons!®, but if the ion temperature is greater than 
the electron temperature, this process becomes a 
cooling mechanism. Furthermore, the compression 
of the gas due to the pinch effect is not sufficient to 
cause the observed ion temperatures, and hence 
another heating mechanism must be sought. 

In the preceding article, Hughes and Kaufman 
report that the O V and C V ions in Sceptre III have 
unusually large mean velocities parallel to the gas 
current. This result suggests a simple picture of the 
discharge, which is consistent with the high electron 
energy loss and explains the positive ion heating 
mechanism. 


The Deuteron Velocity 


A simple discharge model is taken in which the 
particle densities and temperatures, and the current 
density, are assumed uniform over the cross-section of 
a stationary and stable discharge. (The constant cur- 
rent density is indicated by magnetic probe measure- 
ments". The assumption of constant particle density 
and temperature is not likely to introduce major 
errors in the following order of magnitude calculations. 
The assumption of complete stability is least justified 
because high-frequency oscillations are observed on 
the magnetic probe signals, and something must be 
causing the high electron energy losses.) The dis- 
charge is assumed to be in equilibrium in the radial 
direction, and the only motions considered, other than 
thermal motion, are in the direction of the main gas 
current. If v,, vgand vy are the mean velocities of the 
electrons, deuterons and O V ions respectively in this 
direction, and if a steady state is assumed, the 
following mobility equations hold for the O V ions 
and deuterons respectively : 


4Ee + fey M(ve — Yo) + fado Ma(va — vo) + 
Lfio Mi(vi — vo) = 0 (1) 
i 


Ke + fea m(ve — va) + Ufia Mi(vi —va)=0 (2) 
t 


_Eis the component of the electric field in the direc- 
tion of the gas current, m and Mgq are the masses of 
the electron and deuteron, and fz is the collision 





frequency for momentum transfer for ions of type 
x colliding with a single ion of type y. The symbol 7 
refers to an impurity ion, and the summation must be 
made over all types of impurity ion present, but with 
the omission of O V ions in equation (1). The loss of 
momentum by the particles to the walls has been 
neglected (see below). The gas current is given by: 


I = Nee (va — ve) + & NjiZje (vj — Ve) (3) 
t 


where N; is the number of ions of type ¢ per unit 
length of the discharge and Ze the charge on such 
an ion. 

That the terms due to impurities are of significance 
in equations (1)-(3) is suggested by the intensity of 
impurity spectral lines and also by the fact that 
without impurity terms, equations. (2) and (3) yield 
a value for 7’, (from fea) of 9 x 10¢ deg. K., whereas the 
measured temperature was 2-5 x 10° deg. K.*. (7, was 
obtained from the relation fg = nae*y,/m, where the 
resistivity yn, is given by Spitzer'*.) The presence 
of the impurity terms makes it impossible to solve the 
equations because the densities and velocities of the 
various impurities are unknown. It is possible, 
however, to form general conclusions concerning 
the velocity vg. 

In order to do this, the impurity terms containing 
<4 are at first neglected in the three equations. Using 
the experimental results for two of the cases reported 
by Hughes and Kaufman (preceding communication), 
the values of f,g have been calculated from equations 
(2) and (3) and then vg and v, from (1) and (3). 
The value of f,, was obtained from the relation : 


f % aed Z o 
Fg Fp = 16 (4) 
The quantity fa, was calculated using the expression 
given by Spitzer’%, with 7'g assumed equal to T, 
(see below) and taking ng = Nqa/za*, where a is the 
observed radius of the discharge from magnetic 
probe measurements (Table 1) and Ng the number of 
deuterium atoms present initially in the discharge 
per unit length. 

The results in Table 1 give values of vg greater 
than v, and approximately equal to — v. That vg 
should, in general, be greater than v, can be seen from 
the fact that f,, is 16 times greater than f,g, whereas 
the electric force on the O V particles is only four 
times greater. Hence the electric field should cause 
the deuterons to have a larger drift velocity with 
respect to the electrons than the drift velocity of the 
OV particles, so that vg > v»). The deuteron- OV 
collision term acts merely to reduce the magnitude 
of the difference between vg and v5. 

Considering now the effect of the impurity terms, 
in general the ratio fj,/fjg will not be 16, because the 
average relative velocities between colliding particles 
will not be the same for the two types of collisions as 
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was the case in equation (4). However, provided 


that : 


Ta. 16 Ma 1/3 


ee) 

Siolfia Will always exceed 4, and the electric field will 
cause the deuterons to have a iarger drift velocity 
with respect to the 7-particles than that of the O V 
ions and again vg > Vv». The inclusion of the impurity 
terms in equations (1) to (3) plus the fact that a higher 
electron temperature must be taken to satisfy 
equation (2) leads to values for vg closer to v, than 
those in Table 1. Thus for the given experimental 
conditions the theoretical model predicts that va 
lies in the range vy < va < (va — %)/2. 

Using the velocities from Table 1, the net momen- 
tum of the gas per unit length of the discharge is 
approximately NMavg, neglecting the contribution 
due to impurity ions. This is of the order of 1 dyne 
sec. cm.-!, The momentum received by the electrons 
per unit length of the discharge during the time to 
reach peak current (¢ ~ 300 usec.) is of the order 
— 2NqEet/x, which is about — 50 dyne sec. cm.~}. 
Hence the large ion velocities are explained if the 
electrons lose to the walls about 2 per cent of the 
momentum that they gain from the electric field. 
The simplest explanation of this momentum loss is 
that there is an appreciable electron particle loss to 
the walls. As already mentioned above, Colgate 
has obtained evidence for such a loss in his experi- 
ment. In the case of Sceptre ITI, if it is assumed that 
the momentum loss is carried by electrons in this way, 
the losses of momentum and energy can be recunciled, 
provided the mean energy of the electrons reaching the 
wall is less than 2 keV. 


The Positive lon Heating Mechanism 


A significant feature of the above estimates of vg 
is that the positive ions are carrying an abnormally 
high fraction of the gas current ; the fraction is some- 
where in the range 6-50 per cent. (If there were no 
losses from the discharge, the electrons and deuterons 
would have equal and opposite momenta, and the 
deuterons would carry only 0-03 per cent of the 
current.) Thus, the positive ions will receive a 
substantial fraction of the energy input directly from 
the electric field. The energy is converted to thermal 
energy as a result of particle collisions, and if collisions 
with electrons are the main resistance to the positive 
drift velocity then most of the energy will be trans- 
ferred to thermal energy of the electrons because of the 
low electron mass. If, however, the dominant 
collisions are those with impurity ions, that is, if the 
sum of the terms containing fjg in equation (2) 
exceeds the term containing f,g, the deuterons will 
retain most of the energy, since the impurity ions 
have masses large compared with the deuteron mass. 

Assuming the latter to be the case and neglecting 
cooling processes for the deuterons other than by 
collisions with electrons, the deuterium temperature 
is given by: 


Eevg = 3 i, (a) (5) 
2 ted 


where f,q is the relaxation time for energy exchange 


ani is given by Spitzer’. Using the two limits 
obtained above for vg, the deuterium temperature 
should lie in the range 8 x 10° to 1-7 x 10* deg. K. 
for the 500 gauss case and 6 x 10° to 2-8 x 10* deg. K. 
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for 1,000 gauss. In the case of the OV ions, in 
order that these ions should retain most of the 
energy they receive from the electric field, the impur. 
ity ions must be the main resistance to the OV 
motion and most of the ions must have masses greater 
than that of oxygen. (Copper and aluminium have 
strong lines in the spectra.) In such a case the 
equation for the OV particles corresponding to 
equation (5) predicts values of 7’, of 1-3 x 10® and 
1-0 x 10° deg. K. for 500 and 1,000 gauss respectively, 
In any event, at the temperatures involved here the 
rate of exchange of energy between deuterons and 
O V ions is about twice as rapid per unit temperature 
difference as that between O V and electrons. Hence, 
in general 7’, would be nearer to Tq than to 7,, 
Thus the theory predicts positive ion temperatures 
close to those indicated by the Doppler broadening 
(T. P. Hughes and 8S. Kaufman, preceding com. 
munication). 


Conclusions 


A simple model has been taken for the discharge in 
Sceptre ITI, and on this basis it has been deduced 
that the deuterons should have a mean velocity 
somewhat greater than that observed for the OV 
ions. The appreciable gas momentum involved is 
consistent with the electrons losing to the walls a 
small percentage of the momentum they receive from 
the electric field. 

The discrepancy between the electron temperature 
calculated from the resistivity of the gas and that 
measured spectroscopically suggests that impurity 
ions may play a major part in scattering the deuterons. 
If this is so, the deuterons will retain most of the 
energy they receive from the electric field, and positive 
ion temperatures of the order of magnitude indicated 
by Doppler broadening for O V are to be expected. 
The theory thus shows that there is a simple and 
consistent explanation of the Doppler broadening on 
the basis that thermal motion is the cause. Because 
of the simplifying assumptions which have been made, 
however, the theory cannot be regarded as a proof 
of the existence of such temperatures. 

I wish to acknowledge many helpful discussions 
with Mr. B. 8. Liley and other colleagues at the 
Associated Electrical Industries Research Laboratory 
and with members of the Thermonuclear Division at 
the Atomic Energy Research Establishment, Harwell. 
The work reported here has been done under contract 
to the Atomic Energy Research Establishment, and I 
am grateful to Dr. T. E. Allibone, director of the 
Research Laboratory, Associated Electrical Industries, 
Ltd., for his continued encouragement and permission 
to publish this communication. 
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ELECTRONIC COMPUTERS IN THE SERVICE OF BUSINESS 


T a distance of some days, it is possible to 

unscramble the many and varied impressions 
created at the Electronic Computer Exhibition and 
Business Computer Symposium (Olympia, London, 
November 28—December 4), and to consider what one 
feels are the more important implications. One may 
put aside such technical developments as the increas- 
ing use of printed circuits in place of wiring and 
of transistors in place of thermionic valves: such 
matters are applicable to the electronics industry as a 
whole. One may also disregard a number of technic- 
ally interesting but somewhat irrelevant demonstra- 
tions, and the bread-and-butter exhibits of stationery, 
furniture and office equipment. It then becomes 
apparent that the most prominent feature of the 
Exhibition and Symposium was the emergence, in 
parallel, of a classic approach to the introduction of 
integrated electronic data-processing for business 
purposes, and of a fashion in the design of computer 
systems directed to cater for this approach. 

That business has now taken over from scientific 
research the role of principal instigator of the develop- 
ment of computers can be clearly inferred not only 
from the types of computer system on show, but also 
and more directly from the fact that the majority 
of displays were of computer systems rather than of 
simple computers. The predominant trend in design 
is towards what Lord Halsbury in his opening address 
to the Symposium described as the “fully literate 
computer’ : one which is designed to read information 
from the widest possible range of input media 
(manual keyboard, punched paper tape, punched cards 
and magnetic tape), and can write information on an 
equivalent range of output equipment; one which, 
moreover, can grant a considerable measure of 
autonomous control to its input and output facilities 
so that these may proceed independently, transferring 
information to or from buffer storage in readiness for 
the central computer’s demands. Such a trend must 
be to the gratification of one manufacturing organiza- 
tion, at least, which was operating electronic data- 
processing equipment on something approaching this 
basis at a time, four years ago, when no other 
general business electronic data-processing installation 
existed. 

In an attempt tp keep up with this trend, some small 
and medium-sized computers have followed the 
tactics of the puffer fish. Though thoroughly com- 
petent in the role for which they were originally 
designed, these machines are being required to 
support a burden of peripheral equipment out of all 
proportion to their normal capacity. Prospective 
purchasers may well consider whether there can be 
any justification for tying upwards of £100,000 worth 
of input, output and ancillary storage equipment 
to the apron strings of a computer which is incapable 
of utilizing effectively more than a small proportion 
of its potential activivy. It was equally regrettable 
to note the manner in which one or two exhibitors 
sought to attract attention by stunts which had little 
rno connexion with the intended application of their 
equipment. ‘Good wine needs no bush”, and an 

tive computer does not require a ‘gimmick’. 

In respect of ancillary equipment, one could discern 
another important trend. While mechanical equip- 


ment is being pushed to the utmost to achieve greater 
speeds of printing, punching and hole sensing, in 
one corner of the exhibition could be seen the all- 
electronic writing on the wall. A prototype printing 
device was on show in which the characters. delineated 
by deflexions of the beam of a cathode-ray tube in 
response to signals decoded from a magnetic tape, 
are used, by means of a system of optical projection 
and static charges, to deposit powder in appropriate 
shapes upon a continuously moving roll of paper. 
The powder is then bonded to the paper by heat 
treatment, emerging as a succession of lines of print 
to be taken upon an output roller. The speed of 
output by this equipment is of the order of ten times 
that of the most rapid mechanical line printer on 
show, yet the only moving parts are the slowly 
revolving rollers. Elsewhere could be seen prototype 
equipment which, by use of cathode-ray tube scanning 
and photo-multipliers, could, in a continuous process, 
read typescript characters from a document and code 
these in computer language on to magnetic tape. 
Such equipment, when perfected, will have two great 
advantages. High-speed mechanical equipment, 
particularly when reciprocating motion is involved, 
is not infrequently subject to mechanical breakdown. 
In order to avoid interrupting the flow of work while 
spare parts are obtained and repairs are made, it has 
become common practice to install an expensive 
spare machine which will be idle for a considerable 
part of the time. Moreover, the direct automatic 
conversion from original document to computer 
language and from the latter to printed output will 
eliminate the intermediate steps in.which human 
errors are likely to be introduced. 


The classic approach to an integrated electronic 
data-processing system was apparent in a well- 
developed form in three of the papers presented at the 
Symposium, and in an embryonic state in at least 
three more. It refiects the growing confidence of 
business management in the feasibility of suchasystem, 
as exemplified by the comment of one speaker that 
if his system of completely integrated data-processing 
did not prove satisfactory he would be obliged to 
seek a new occupation. This attitude is a far cry 
from the somewhat timid and tentative approaches to 
electronic data processing of some applications 
represented at the Symposium but not representative 
of it. The classic approach involves a penetrating 
research into the very fundamentals of the existing 
business system, questioning why the various func- 
tions are performed, rather than investigating the 
exact manner of their performance. It is essential, 
of course, that such an investigation should be carried 
out under the close direction of persons of managerial 
or senior supervisory calibre. Many speakers at the 
Symposium were agreed that it was equally necessary 
that the ‘organization and methods’ personnel 
concerned in investigations for an electronic data- 
processing system should have a sound general 
knowledge of programming techniques and that 
programmers should be acquainted with ‘organization. 
and methods’ procedure. The two can then work in 
close collaboration to determine the nature of the 
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original information available for input and that of 
the various types of output information which should 
be proved necessary or desirable. From this they 
would devise an efficient system for achieving the 
requirements, using the full range of equipment 
available. Carried to its logical conclusion, such an 
investigation should not consider the somewhat 
arbitrary divisions into which a business may be 
divided at present (for example, wages and salaries, 
cost accountancy, production and stock control, 
sales invoicing), but should include the whole scope 
of the business. This may sound a Utopian con- 
cept, but it is already being attempted by some, 
and is considered the essential goal by many 
others. 

The essential element of such an approach is the 
open mind, uninhibited by existing manual or 
punched-card clerical systems. Some _ business 
organizations which have not yet installed mechanized 
systems of any kind have considered adopting a 
little-by-little approach; a gradual transition by 
introducing first a punched-card system, then a 
small-scale computer, and finally a fully developed 
large-scale computer system. To these the experience 
of one business organization may be of interest and 
provide some guidance. The spokesman of this 
concern explained that the computer system now 
being installed bears very little resemblance to the 
punched-card system which preceded it, although he 
acknowledged that the latter had provided some 
useful experience in planning. 

It is true that the applications of a limited scope 
may sometimes be of outstanding importance. A 
saving of the order of £50,000 per annum for the 
expenditure of three or four hundred pounds was 
reported at the Symposium from the application of 
linear programming techniques to a problem of bulk 
transportation, and an account was given of how an 
hour or so @ week on a small computer had made 
possible the introduction of a greatly improved 
method of production control. But in general, the 
most substantial benefits will come from a compre- 
hensive system. This does not imply that an inte- 
grated system can be installed in one operation. The 
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system must be planned with the view of dividing it 
into phases which are of such a size and nature that 
they may be introduced in sequence over a period of 
many months. The transition, indeed, requires some 
of the most careful and detailed planning, for each 
phase must be introduced with the least possible 
disturbance both to work already on the computer 
and to procedures which are still carried out manually. 
It is normally advisable to run each new phase on the 
computer in parallel with the previous system until 
it is reasonably certain that all eventualities have 
been covered. Furthermore, it is prudent to prepare 
in advance an emergency procedure for adoption 
in the event of a serious breakdown of the equipment, 
however unlikely this may be. 

Compared with strategical planning of such com- 
plexity, the tactical programming may well prove 
relatively simple. However, just as interpretive 
routines and automatic coding techniques permit the 
computer to assist the programmer, so may some of 
the computer techniques which are being developed 
in the field of operational research be of assistance to 
the planner. A paper on developments in this field 
was presented at the Symposium, and the speaker 
agreed with a suggestion that the simulation tech- 
niques which he had described could be used to 
study the feasibility of systems designed for a business 
electronic data-processing installation. A _ large 
organization might find it worth while to acquire 
a small computer initially for this purpose. If this 
machine were compatible with the peripheral equip- 
ment of the proposed large installation, it could later 
be used in conjunction with it, and would prove 
invaluable for carrying out those housekeeping 
activities such as sorting and merging which occupy 
so much of the time of a large computer while exploit- 
ing so little of its capabilities. This, then, may 
represent the pattern for the future use of electronic 
computers in business. 

In conclusion, I wish to make it plain that the 
opinions expressed above are of a purely personal 
nature, and should not be construed as representing 
the policy of the organization with which I am 
associated. W. L. C. GaRrRetTr 


SCIENTIFIC CENTENARIES OF 1959 
By JOAN M. EYLES 


NE of the first requisites for the traveller is a 

good map of the country in which he proposes 
to travel. If none exists, then his travels will help to 
provide one. The launching of the First Crusade in 
1095 by Pope Urban II marked the beginning of a 
series of mass pilgrimages across Europe which 
continued for nearly two centuries and must have 
given rise to a demand for maps, guides and charts 
to help the traveller on his way. The earliest medieval 
maps of Britain are those made by Matthew Paris, 
the great historian. Matthew, a Benedictine monk 
of the Abbey of St. Albans, died seven hundred 
years ago, in 1259, and his maps of Britain are 
believed to date from 1250. Their main object was 
probably to show the towns and monastic guest- 
houses where the pilgrim could rest on his way to 
Dover, the usual point of departure for the Holy 
Land. Many of the legends on the maps are of 
interest ; Snowdon is both named and shown by an 


outline of a mountain, a convention that survived on 
maps until the middle of the eighteenth century, 
when hachuring came into use. Other maps pre- 
pared by Matthew Paris which still exist include 
one showing the route from London to southern 
Italy. 

When William Harvey described the circulation of 
the blood in his ‘‘De Motu Cordis” (1628), he referred 
to the Italian anatomist, Matteo Realdo Colombo, 
who died in 1559, and whose work, “De Re Anatomica”, 
appeared shortly after his death. Colombo, a pupil 
of Vesalius, made a close study of the blood vessels 
of the lungs and discovered experimentally the pul- 
monary circulation, although he did not understand 
or recognize the general circulation. Colombo was 
appointed successor to Vesalius at Padua in 1545, 
but went to Pisa in the following year and taught 
there. Later he moved to Rome, where he was 
teaching when he died. 
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Two authors of arithmetic books died in 1559. 
Qne was Cuthbert Tunstall, Bishop of London and 
fiend of Sir Thomas More, whose “De Arte Sup- 
putandi”, written in Latin and first printed in 1522, 
was the earliest arithmetic by an English author. 
The other was Adam Riese, born in Bavaria in 1489, 
who wrote a popular arithmetic and a treatise on 
practical geometry. His arithmetic was so widely 
ysed that “‘Nach Adam Riese” can be looked on as 
equivalent to the English expression “according to 
Cocker”. 

Among the bicentenaries of the year, that of the 
French scientist, P. L. M. de Maupertuis, who died 
on July 27, 1759, is particularly interesting. De 
Maupertuis was leader of the French expedition to 
Lapland in 1736 to measure the length of a degree 
of longitude, achieving results which verified Newton’s 
theory that the Earth was an oblate spheroid. He 
became president of the Royal Academy of Sciences 
in Berlin, and was afterwards involved in a bitter 
controversy with Voltaire. It is worth recording that 
he also had ideas about evolution and made an early 
attempt to explain the origin of new species. 

Jacob T. Klein, born in Kénigsberg in 1685, and 
author of several zoological works, also died in 1759. 
Klein visited England in the course of his travels, 
and in 1728 was elected a Fellow of the Royal Society. 
Asignificant event of 1759 was the establishment of 
a botanic garden in the grounds of Kew House, on 
the instructions of Augusta, Dowager Princess of 
Wales and mother of George III. Some thirty years 
later, Erasmus Darwin wrote : 


“So sits enthron’d in vegetable pride 
Imperial Kew by Thames’s glittering side ; 
Obedient sails from realms unfurrow’d bring 
For her the unnam’d progeny of spring ;” 


From these beginnings arose the magnificent Royal 
Botanic Gardens at Kew which we know to-day. 

Several well-known naturalists were born in 1759. 
In particular, we note Sir James Edward Smith 
(1759-1828), founder and president for forty years of 
the Linnean Society of London. The story of how 
the young botanist was breakfasting with Sir Joseph 
Banks and seized the opportunity of purchasing the 
collections of Linnzeus has often been related. This 
memorable purchase was followed by several years 
travel in Europe, and on his return Smith founded 
the Linnean Society. This was not the first Society 
started by Smith, for some years before, when a 
student at Edinburgh, he and a few friends with 
similar interests had formed a Society for the pursuit 
of natural history, which was attended by men as 
prominent as Black the chemist and Hope the 
botanist. 

Born on August 12, 1759, a few months before 
Smith, Thomas Andrew Knight, a country gentleman, 
also became known as a botanist and founder of a 
Society. Knight was another member of the Banks 
circle, and one of Sir Joseph’s many correspondents. 
He became a Fellow of the Royal Society in 1805 
and in the following year received the Copley Medal 
for his investigation of tropisms in plants. He also 
carried out extensive researches into the improve- 
ment of fruit trees by crossing. One of the founders 
of the Horticultural Society, he became its second 
president in 1810, a position he occupied until his 
death in 1838. 

Another enthusiastic naturalist was the Rev. 
William Kirby, rector of Barham in Suffolk, whose 
name appears on the first list of Fellows of the 
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Linnean Society. Kirby’s chief interest was in 
entomology, and he is remembered as joint author 
with Spence of a popular introduction to entomology. 

Three French naturalists born in 1759 were L. A. G. 
Bose, who travelled extensively in North America, 
J. B. Audebert, artist and author of several beauti- 
fully illustrated books, including “‘L’Histoire Natur- 
elle des Singes”, and P. J. Redouté, the famous 
flower painter. 

An interesting chemical anniversary is that of the 
birth of Thomas Cooper, free-thinker and student of 
the natural sciences, who emigrated to America in 
1793. He was a close friend of Priestley, who 
bequeathed to him his chemical apparatus, including 
the historic burning glass used in the discovery of oxy- 
gen. Cooper taught chemistry and mineralogy in the 
United States for many years, first in Pennsylvania, 
then in Virginia, and later in South Carolina. His 
advanced thinking and love of free speech, which had 
led to his leaving England, brought him into further 
trouble in America, and in 1833, after writing to 
Silliman that “the Old as well as the New Testaments 
were by no means infallible guides in mineralogy and 
geology”, he was forced to resign his position as 
president of the College of South Carolina. Cooper 
did much to spread the knowledge of the new 
chemistry of Lavoisier in the United States, and 
edited a number of chemistry text-books; but he 
wes an unorthodox character, whom an English 
geologist described as ‘‘a most remarkable man some 
of whose screws were uncommonly loose’’. 

The first practical demonstration of aerostation in 
England was made by Vincenzo Lunardi (1759-1806), 
a daring young Italian diplomat, who ascended in a 
balloon from Moorfields, London, on September 15, 
1784. He travelled some twenty-four miles in two 
and a quarter hours, touching down at North Mimms 
on the way to land his cat, which was suffering from 
the cold. This aerial voyage was watched by 
thousands of people, including the Prince of Wales 
and prominent politicians. 

Passing to 1859, undoubtedly the most eminent of 
the scientists who died in that year was Alexander, 
Baron von Humboldt. Born in Berlin in 1769, he 
studied first at Géttingen and later at the School of 
Mines at Freiberg. On leaving the latter he received 
an appointment in Berlin as superintendent of mines. 
For four years he carried out his duties, visiting 
mines and studying geology. In 1796 he gave up his 
post and devoted himself to further scientific studies 
in order to prepare himself for travel. After several 
disappointments, in 1799 he set sail for South 
America with the botanist Aimé Bonpland, having 
obtained special permission from the King of Spain 
to travel in and examine Spanish territories in the 
New World. It was five years before he returned to 
Europe, having travelled some 40,000 miles, bringing 
back with him more than thirty cases of geological 
and botanical specimens. During 1808-27 he made 
his home in Paris, which he regarded as the centre 
of the scientific world, and devoted himself to pre- 
paring detailed accounts of his travels and the 
collections he had made. In 1827 he moved to 
Berlin, and he remained in Germany until his death 
in 1859. He had hoped to travel in Asia as exten- 
sively as he had in America, but the realization of 
his hopes was limited to a nine-months journey 
across Russia and Siberia in 1829. 

Humboldt made many contributions to science, in 
the fields of geology, geography and climatology, 
but he is also remembered for the inspiration he was 
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to others, and in particular to Charles Darwin. The 
latter wrote in 1845: “I never forget that my whole 
course of life is due to having read and re-read as a 
youth his ‘Personal Narrative’”. A. R. Wallace, 
too, wrote of the influence this book had upon him. 
When Humboldt died, on May 6, 1859, he was 
within six months of his ninetieth birthday, and ten 
years later the centenary of his birth was celebrated 
with enthusiasm on both sides of the Atlantic. 

Karl Ritter, the geographer, who also derived 
inspiration from Humboldt’s writings, died only a 
few months later, in September 1859. Ritter did 
much to establish the science of comparative geo- 
graphy, and endeavoured to show that the physio- 
graphy of a country had a direct influence on the life 
and progress of the nation inhabiting it. 

Another scientific traveller who spent many years 
in the United States was Thomas Nuttall (1786-1859), 
a Yorkshire printer who emigrated in 1807. He was 
persuaded to take up botanical studies, and under- 
went many hardships during his solitary travels in 
the interior of the United States in search of speci- 
mens. He is said to have discovered an almost 
unequalled. number of new genera and _ species. 
During 1825-34 he was curator of the botanic gardens 
at Harvard, but in 1841 returned to England to 
occupy a family estate at Nutgrove, near Liverpool, 
where he cultivated many rare plants. He died on 


September 10, 1859, and his herbarium of more than 
5,000 species was purchased by the British Museum. 

The British Museum also acquired the herbarium 
of Javanese plants belonging to Thomas Horsfield 
(1773-1859), a Pennsylvanian-born physician who 
practised in Java and Sumatra from 1799 until 1819, 
when he became keeper of the East India Company’s 


Museum in London. Yet another botanist who died 
in 1859 was K. A. Agardh, born in Sweden, who 
published the first general account of diatoms. 
His “Systema Algarum” (1824) entitles him to be 
regarded as a pioneer in the classification of the 
algae. 

In the field of geology, Denison Olmsted (1791- 
1859), a Yale graduate who became professor of 
chemistry, mineralogy and geology at the University 
of North Carolina, was one of the first to appreciate 
the value of a State geological survey. He laid a 
plan for one before the State legislature in 1821, 
and an Act authorizing such a survey was passed 
two years later. Olmsted received no fees, but 
expenses of 250 dollars a year. His preliminary 
reports were published in 1824 and 1825. He was 
then recalled to Yale as professor of mathematics 
and natural philosophy. Later he became professor 
of astronomy at Yale, and observed the return of 
Halley’s comet in 1835, making the announcement 
long before confirmation arrived from Europe. 

Four years after this event, Harvard decided to 
establish an observatory, and William Cranch Bond 
(1789-1859) was appointed ‘observer’, later becoming 
its first director. Bond was an instrument-maker in 
Boston with a taste for astronomy, who had con- 
structed his own instruments and built an observatory 
at his home. When he died in 1859, he was succeeded 
at Harvard by his son, George Phillips Bond. 

Three mathematicians of some note also died in 
1859. The most senior, Louis Poinsot, was born in 
Paris in 1777. He was particularly interested in 
statics, but published a number of works on geo- 
metrical and mechanical subjects. The theory of 
couples is largely due to him, also that of the motion of 
a body in space under the action of no forces. J. L. 
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Raabe, of Zurich, born in 1801, chose higher algebra 
for his field of research, and discussed the convergency 
of series; while Peter Lejeune Dirichlet, born at 
Duren in 1805, became a pupil of Gauss, and suc. 
ceeded him at Géttingen in 1855. He is best known 
as an interpreter of Gauss and of Jacobi, his father. 
in-law, but is also remembered for having introduced 
into the calculus of variations the so-called Dirichlet 
principle. 

The tubular girder railway bridge spanning the 
Menai Strait in North Wales and the High Level 
bridge across the Tyne at Newcastle both stand as 
memorials to the famous engineer, Robert Stephen- 
son, son of an equally famous father. Stephenson 
died in October 1859, and was buried in Westminster 
Abbey. 

Passing on to more recent times, and the centen- 
aries of scientists who were born in 1859, we note 
first two who were awarded Nobel Prizes, Pierre 
Curie and Svante Arrhenius. Pierre Curie, born in 
Paris on May 15, 1859, married the young Polish 
chemist, Marja Sklodowska, in 1895. Six months 
later Réntgen discovered X-rays, and so began that 
well-known chapter of scientific history in which is 
recorded the Curies’ joint investigation of the radio- 
active elements. Pierre had already studied the 
behaviour of crystals in electromagnetic fields, and 
had discovered the piezo-electric effect. To the joint 
research he brought a familiarity with delicate elec- 
trical instruments which proved of great value in 
determining the physical properties of the newly 
discovered elements. In 1903, the announcement by 
Pierre Curie and his pupil, Laborde, that radium 
emits heat rendered valueless Kelvin’s estimate of 
the age of the Earth, based on its rate of cooling, 
and paved the way for an entirely new method of 
estimation, based on radioactivity. 

In the same year, the Curies and H. Becquerel 
shared the Nobel Prize for Physics. Three years 
later, a street accident brought a tragic end to 
Pierre’s life, though, as all know, the work on 
radioactivity was carried on valiantly by his widow, 
who herself received the Nobel Prize for Chemistry 
in 1911. 

While Pierre Curie was studying the passage of 
electricity through crystals, Svante August Arrhenius, 
born near Uppsala on February 19, 1859, was investi- 
gating its passage through dilute solutions. His 
theory of electrolytic dissociation, first embodied in 
the dissertation for his doctorate in 1883 and pub- 
lished in full in 1887, received more support abroad, 
particularly from Ostwald and Van ’t Hoff, than in 
Sweden. Recognition eventually came, and with it 
the Nobel Prize for Chemistry in 1903, and the 
establishment in 1909 of a Nobel Institute in Stock- 
holm, which he directed until his death in 1927. His 
bold and original ideas were not confined to physical 
chemistry, but extended to the fields of serum 
therapy and cosmology, voleanism and the cause of 
glacial periods. Appreciation of his work was shown 
in British scientific circles by the conferment of 
foreign membership of the Royal Society and of 
honorary degrees by the Universities of Oxford, 
Cambridge, Edinburgh and Birmingham. 

Two men born in 1859 both occupied prominent 
positions at the Rockefeller Institute for Medical 
Research in New York. One was Jacques Loeb, 
biologist and biochemist, born at Mayen in Germany, 
who left his homeland for the United States in 1891. 
He spent ten years in Chicago, seventeen at Berkeley, 
and was then made head of the Division of General 
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Physiology in the Rockefeller Insti.ute, a position 
which he held until his death in 1924. Founder of 
the modern school of physiology, his early experi- 
ments in artificial parthenogenesis startled the scientific 
world by producing the fatherless sea-urchin and the 
fatherless frog. He investigated the effects of various 
stimuli upon living matter, and followed this by 
extensive research on proteins. Although a brilliant 
experimentalist, his philosophical ideas, particularly 
as stated in his “Mechanistic Conception of Life’, 
aroused considerable criticism and opposition. 

Loeb’s contemporary, Theobald Smith (1859- 
1934), of Albany, New York, occupies an honoured 
place in medical science for his pioneer work investi- 
gating the transmission of disease and immunization. 
Inspired by the work of Koch, in 1889 he discovered 
the parasite responsible for Texas fever in cattle, and 
in his classic report of 1893 gave the first account of 
the transmission of a parasitic protozoan by a blood- 
sucking parasite. Later, he clearly differentiated 
between the bovine and human types of tubercle 
bacilli. He was the first occupant of the chair of 
comparative pathology at Harvard, and was event- 
ually appointed director of the Department of 
Animal Pathology in the Rockefeller Institute. He 
was elected a foreign member of the Royal Society 
in 1932. 

Two well-known British geologists were born in 
1859, namely, Alfred Harker and G. W. Lamplugh. 
Harker, while retaining his lectureship at Cambridge, 
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was for ten years attached to the Scottish Geological 
Survey. This period was devoted to mapping the 
voleanic rocks of Skye and other islands of the Inner 
Hebrides, and his descriptions of these rocks became 
classics in geological literature. His later more 
general works on igneous rocks and metamorphism 
also exerted a lasting influence on _petrological 
thought. He died in 1939, six months after the 
celebration of his eightieth birthday. G. W. Lamp- 
lugh had his first geological paper, on glacial drift in 
Yorkshire, published when he was only nineteen. He 
joined the Geological Survey in 1892, and during the 
next five years completed almost single-handed the 
mapping of the Isle of Man. Afterwards he carried 
out an extensive examination of the Irish glacial 
deposits. He retired from the Survey in 1920 and 
died six years later. Both Harker and Lamplugh 
were Fellows of the Royal Society and each had 
occupied the presidential chair of the Geological 
Society. 

A rather controversial figure in the history of 
science is that of the Russian physicist, A. S. Popov 
(1859-1905), a pioneer in the field of radio telegraphy, 
whose success in signalling has been claimed as ante- 
dating that of Marconi. Others born in 1859 include 
the organic chemists, J. B. Cohen and L. Knorr, the 
American chemist H. Y. Castner, whose name is 
associated with the Castner—Kellner process for the 
manufacture of chlorine and the extraction of 
sodium, and Florian Cajori, historian of mathematics. 


NEWS and VIEWS 


Contributions to Nature 


Durie the first year of the publication of Nature 
(November 1869-November 1870), the number of 
original communications (mainly ‘Letters to the 
Editor”, together with some special articles, though 
not the general ones) was 378. These came from 
17 different countries. In certain selected years 
afterwards, the number of original communications 
were as follows (number of countries in parenthesis) : 
1910, 285 (19); 1920, 422 (17); 1930, 568 (27) ; 1937, 
648 (31); 1949, 1,066 (35). During last year (1958), 
the number of such communications was 2,362, and 
these were submitted from 59 different countries. 
These were distributed as follows : 


Argentina 2 Japan 80 


Australia 128 Kenya 13 
Austria 2 Malaya 7 
Belgian Congo 3 Mauritius 1 
Belgium 41 Mexico 1 
Brazil 6 New Zealand 53 
British Borneo 1 Nigeria 9 
British Honduras 1 Norway 14 
British West Indies 11 Pakistan 2 
Canada 67 Philippines 1 
Ceylon 3 Poland 18 
Chile 3 = Portugal 1 
China 1 Puerto Rico 1 
Costa Rica 1 Roumania 5 
Czechoslovakia 53 Sarawak 1 
Denmark 14 Sierra Leone 3 
Rypt 8 South Africa 37 
Finland 4 Spain 7 
Formosa 1 Sudan 2 
France 16 Sweden 44 
Germany 25 Switzerland 10 
Ghana 4 Tanganyika 3 
Greece 1 Uganda 18 
Hawaii 5 United Kingdom 959 
Holland 48 United States 407 
Hungary 24 U.S.8.R. (Russia) 10 
India 96 Venezuela 2 
Indonesia 1 Yugoslavia 6 
Ireland 18 Total No. of countries 59 
Israel 19 Total No. of communications 
Italy 40 2,362 





New Science Officers for American Embassies 


SEVEN distinguished scientists have been appointed 
by the U.S. Department of State to serve as science 
officers in the American Embassies in London, Paris, 
Rome, Bonn, Stockholm, and Tokyo. Although 
assigned to a specific embassy, the science officer 
will also provide scientific assistance in embassies in 
adjacent areas. The men selected are: Dr. Thomas 
H. Osgood, dean of the School for Advanced Graduate 
Studies, Michigan State University, for London ; 
Dr. Edgar L. Piret, professor of chemical engineering, 
University of Minnesota, for Paris; Dr. Edward H. 
Cox, retired head of the Department of Chemistry, 
Swarthmore College, as deputy science officer for 
Paris: Dr. Walter Ramberg, chief of the Mechanics 
Division, National Bureau of Standards, for Rome ; 
Prof. Ludwig F. Audrieth, professor of chemistry, 
University of Illinois, for Bonn; Dr. Julian E. 
Mack, professor of physics, University of Wisconsin, 
for Stockholm ; and Prof. Willis R. Boss, professor 
of zoology, Syracuse University, for Tokyo. The 
appointments, which will be for a period of two years, 
constitute the first of a series for the Science Pro- 
gramme of the Department of State under Dr. 
Wallace R. Brode, science adviser to the Secretary. 
Still to be appointed are science officers for the 
U.S.8.R., India and South America, and deputy 
science officers for all the posts with the exception of 
Paris, to which Dr. Cox is being assigned. Leaders in 
science who have had experience as educators, research 
workers and administrators have been especially 
selected for these posts because of their international 
scientific reputation, and their knowledge of the 
status of science and acquaintance with scientists in 
the country of assignment. Each of those appointed 
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also has a facility with the language of the country 
of assignment. A science officer’s primary role will 
be to serve as an adviser to the Ambassador and his 
staff in the evaluation of the interaction of science 
with foreign policy, the assessment of current scienti- 
fic progress abroad and the enhancement of the liaison 
between United States and foreign scientists and 
engineers. 


British Scientific Attachés Overseas 


REPLYING to a question in the House of Commons 
on December 8 regarding scientific attachés, Mr. 
G. M. Thomas, Parliamentary Secretary to the 
Ministry of Works, as representing the Lord President 
of the Council, said that the British Embassies at 
Washington, Paris, Bonn and Stockholm had a 
scientific attaché on their staff. The choice was now 
being made of a suitable person for scientific attaché 
to the British Embassy in Moscow and the appoint- 
ment of scientific attachés to certain other embassies 
was under consideration. 


Department of Scientific and Industrial Research : 
New Five-Year Plan 


Mr. Harmar NIcHOLts, Parliamentary Secretary 
to the Ministry of Works, speaking on behalf of the 
Lord President of the Council, announced in the 
House of Commons on December 19 that expenditure 
on research by the Department of Scientific and 
Industrial Research will be nearly doubled in the 
next five years. Under its second five-year plan, for 
the period 1959-64, approximately £61 million will 
be made available to the Department, compared with 
£36 million for the first quinquennium which ends on 
March 31. By 1963-64 expenditure is planned to 
reach about £14 million, excluding the British 
contribution to the European Organization for 
Nuclear Research (C.E.R.N.) which will continue to 
be financed outside the five-year plan. The largest 
expansion will be in university grants. Postgraduate 
awards will be increased by about 10 per cent each 
year, until in 1963-64 some 3,800 students will be 
receiving grants from the Department for research, 
and support for special research in universities will 
amount to £1} million per annum. 

In support of additional research carried out in 
the Department’s own laboratories, expansion of 
staff at the rate of about 6 per cent per annum is 
included in the plan. Grants to the research associa- 
tions financed jointly by the Department and industry 
will also be increased to more than £2 million per 
annum by the end of the period. It is also proposed 
that the Ministry of Works shall increase its rate of 
expenditure on behalf of the Department so as to 
provide buildings and equipment for the increased 
staff of its laboratories. The works programme 
includes the provision of a new laboratory at Crow- 
thorne, Berkshire, to rehouse the Road Research 
Laboratory which at present occupies two separate 
sites a few miles apart, one at Harmondsworth, 
Middlesex, and the other at Langley, Bucks. The 
new Road Research Laboratory will include an 
experimental road system 3} miles long. 


Public Expenditure on Education 


{tw written answers in the House of Commons on 
December 17, Mr. Geoffrey Lloyd, Minister of 
Education, said that expenditure by the Ministry 
and. local education authorities, excluding capital 
expenditure, was expected to be about £46 million 
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in the current year, rising to about £57 million in 
1960-61. To give maximum maintenance grants to 
50,000 additional pupils of sixteen and seventeen at 
the approved rates would cost about £16 million a 
year. To reduce all classes to a maximum of thi 
by about 1965 would cost about a further £200 
million a year, with some £140 million on training 
additional teachers. 


Exchange of Personnel between the Post Office 
and Industry 


On December 17, the Postmaster-General, Mr. H. 
Marples, in reply to a question in the House of 
Commons, said that on January 5, a Post Office 
administrator and a Post Office engineer would take 
up temporary appointments with Unilever, Ltd.; and 
two Unilever men would go to the Post Office. The 
exchange was expected to last about a year, and 
discussions with another concern were in progress. 
He hoped the experiment would be a forerunner of 
a regular interchange of experience between the Post 
Office and industry and contribute mutual benefit 
and a better understanding of each others’ problems. 


Pharmacology at the Royal College of Surgeons 


THE Royal College of Surgeons of England has 
received a gift of £150,000 from Mr. G. A. Vandervell 
for the endowment of its chair of pharmacology. 
More than ten years have elapsed since those respon- 
sible for the rehabilitation of the College after 
the Second World War recognized that a Depart- 
ment of Pharmacology should be added to the 
existing departments of anatomy, pathology and 
physiology, for without it the education of post- 
graduates in the basic medical sciences would have 
been incomplete. A still more important objective, 
however, was the promotion of research into the 
action of drugs and other substances used not only 
by surgeons but also by dentists and anesthetists, 
who are represented by faculties within the College. 
The Department was therefore established six years 
ago, and has flourished under the able direction of 
Prof. W. D. M. Paton, whose researches into the 
chemical mediation of nerve impulses are so well 
known. He and his assistants have been housed 
temporarily at the Examination Hall, Queen Square, 
but will shortly be moving into the new buildings in 
Lincoln’s Inn Fields. Since the College is an inde- 
pendent body and therefore does not receive a direct 
grant from the University Grants Committee or from 
any other Government source, the Department has 
been financed hitherto partly by generous con- 
tributions from the chemical and pharmaceutical 
industries. This donation from Mr. Vandervell, 
which will endow the chair in perpetuity, is doubly 
welcome since it comes at a time when the College 
is facing heavy increases in expenditure owing to 
the extension of its research activities. 


National Lending Library for Science and Tech- 

nology 

Tue Department of Scientific and Industrial 
Research will take over part of the former Royal 
Ordnance Factory at Thorp Arch, near Boston Spa, 
Yorks, for the use of the new National Lending 
Library for Science and Technology. Present pro- 
posals indicate that the library will begin operating 
at Thorp Arch in 1961 and become fully operational 
during the following year. Existing large single-story 
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buildings will be converted into offices and book- 
stores, and the site provides adequate room for 
expansion in the future. The new library—the 
nucleus of which already exists in the Department’s 
Lending Library Unit now at Chester Terrace, 
Regent’s Park, London—will cover all subjects in 
sence and technology, except for some fields of 
medicine. It will take over the responsibility for the 
lending service now provided by the Science Museum 
Library, which in future will concentrate on serving 
the needs of the enlarged Imperial College of Science 
and Technology. It is also taking over some of the 
literature now held by the Science Museum Library. 
The present Lending Library Unit has been collecting 
literature for the National Library since 1957. It 
already operates a loan service for Russian literature 
which is being progressively extended to cover pub- 
lications from other countries. Eventually, much of 
the scientific and technological literature in the 
world will be included in this collection, to make it 
the most comprehensive of its kind in the United 
Kingdom. The new library in Yorkshire will make 
its unique collection available to research, industrial, 
educational and other organizations by loans and 
photographic reproduction. Its primary objective 
will be to encourage the greater use of scientific and 
technical literature. One important activity will be 
the expansion of work on the translation of Russian 
scientific literature, now organized by the Lending 
Library Unit in collaboration with the National 
Science Foundation in the United States. It remains 
distinct from the National Reference Library of 
Science and Invention, which it is proposed to estab- 
lish in London as the successor to the existing Patent 
Office Library. 


International Federation of Operational Research 
Societies 


An International Federation of Operational Re- 
search Societies has been created with the objects of 
developing operational research as a unified science 
and its advancement in all countries. The initial 
membership of the Federation consists of the Oper- 
ational Research Society (United Kingdom), the 
Operations Research Society of America, and the 
Société Francaise de Recherche Opérationnelle. 
Membership is open to other national societies with 
the primary object of promoting operational research 
and with memberships including qualified scientists 
working in this field. The Federation will be governed 
by a board of representatives, one representative 
coming from each member society. According to the 
statutes, the voting power of each is proportional to 
the square root of the size of the membership of the 
Society he represents. 

One of the first activities of the Federation will be 
to sponsor the second international conference on 
this subject, following the successful first conference 
held in Oxford in 1957. The second conference is 
provisionally planned to be held at Aix-en-Provence 
early in September 1960. Sir Charles Goodeve has 
agreed to act as secretary and Mr. Donald Hicks as 
treasurer of the Federation, the address of which is 
ll Park Lane, London, W.1. 


American Geographical Society Expedition to Chile 


Tae American Geographical Society is sending an 
expedition to southern Chile for two months study 
of glaciers in the vicinity of Laguna de San Rafael. 
Dr. Calvin J. Heusser, of the Society’s research staff, 
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will be in charge of the project, which is supported 
by the Office of Naval Research. Its purpose is to 
determine the nature and duration of successive 
phases of climate and vegetation since the glaciers of 
the last Ice Age receded. The Laguna de San Rafael 
area was selected because it contains the northern- 
most glaciers in South America reaching to sea-level 
and also because its climate, vegetation and physical 
features resemble those of south-eastern Alaska, 
where the Society has conducted similar studies 
since 1948. By correlating the results from Chile 
with those from Alaska it is hoped that a com- 
parative chronology of climatic variations in the 
northern and southern hemispheres may be obtained. 
In addition to Dr. Heusser, the expedition comprises 
Dr. and Mrs. D. B. Lawrence, both professors of botany 
in the University of Minnesota; Dr. E. H. Muller, 
professor of geology, Cornell University ; Dr. Carlos 
Munoz Pizarro, of the Faculty of Agronomy, Univer- 
sity of Chile; Shoji Horie, of the Department of 
Botany, Yale University ; and Augusto Grosse, of 
Puerto Aysen, Chile. 


The Atlas Satellite (1958 %) 


Tue largest and heaviest satellite so far placed in 
orbit by the United States was launched in a south- 
easterly direction from Cape Canaveral in Florida at 
23.02 u.t. on December 18. The complete satellite 
weighs some 8,500 lb., of which only a small pro- 
portion, about 150 Ib., is pay-load. The remainder 
of the object is the empty shell of the Atlas missile 
which performed the launching, about 80 ft. long 
and 10 ft. in diameter. The main purpose of the 
satellite is to act as a radio relay station, storing and 
re-transmitting, on frequencies of 132-45 and 139-905 
Mc./s., messages sent to it from the ground. It 
also carries telemetry transmitters operating on 
107-97 and 107-94 Mce./s. The satellite is the 
first to be successfully launched since July 1958, 
and is designated 19587. Its orbit is inclined 
at 32-4° to the equator. Initially, the period of 
revolution was 101-47 min., and the height varied 
between 120 and 920 miles, an eccentricity of 0-089 ; 
the perigee was near lat. 25° N., when the satellite was 
on the southward half of its orbit, but the perigee 
point moved rapidly forward around the orbit, at a 
rate of 8}° a day. Because its perigee is so low, the 
life-time of the satellite is expected to be short— 
only about four weeks. 


Giacomo Pylarino (1659-1718) 


' A PIONEER who made variolation a scientific 
procedure, Giacomo Pylarino was born 300 years ago 
on January 9, 1659, on the Ionian island Cephalonia. 
He studied law at Venice and medicine at Padua 
where he graduated M.D. Practising at Candia in 
Crete, he made enough money to allow him to travel, 
and he visited Constantinople, Syria, Egypt, and 
Smyrna, where he became Consul for Venice. In 
1713, Emmanual Timoni, a Greek physician of Con- 
stantinople, wrote for the Philosophical Transactions 
an account of the method of variolation as observed 
and practised by him. Anxious to have further details, 
Sir Hans Sloane wrote to the British Consul at 
Smyrna, Dr. Sherrard, who communicated with his 
former colleague, the Venetian Consul. Pylarino 
had returned to Venice, but was persuaded to draw 
up an account of what he knew of the original 
methods of inoculation at Constantinople during the 
first years of the century. This was printed at Venice 
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in 1715 under the title ““Nova et tuta variolas excitandi 
per transplantationem methodus ; nuper inventa et 
in usum tracta”’ and at once copied into the Philo- 
sophical Transactions. “The most trustworthy 
account of the Constantinople practice’? (Charles 
Creighton), it dates back to 1701, in which year 
Pylarino inoculated three children with smallpox 
virus. He had learned the technique from a Greek 
woman, but dropped the symbolism, using the skin 
of the forearm instead of the face at the four points 
touched in making the sign of the Cross and at the 
points of the hands and feet pierced by the nails in 
the Crucifix. It is interesting to note that he spoke 
of “transplantation” and Timoni of “inoculation” 
—both figures of speech taken from the gardener’s 
art. Following the publication of Pylarino’s descrip- 
tion, the Royal Society became really interested in 
inoculation, and the pages of the Philosophical 
Transactions were filled with further accounts. 
These were regarded as “virtuoso amusements” 
(William Douglass) until 1721 when inoculation began 
to be tried tentatively in London. Pylarino was then 
no longer living, having died at Padua in June 1718. 


City Literary Institute : Science Lectures 


A. NEw series of lectures sponsored by the City 
Literary Institute, Stukeley Street, London, W.C.2, 
and under the auspices of the University of London 
Department of Extra-Mural Studies, under the general 
title “Tools of Scientific Discovery : A Review for 
the Layman and Non-specialist”, will begin on 
January 6, when Prof. G. O. Jones will give an 
introductory lecture. The other lectures are as 
follow: ‘Low Temperatures”, Prof. G. O. Jones 
(January 13); ‘Radio Telescopes”, Mr. Martin Ryle 
(January 20); “‘High Temperatures”, Dr. R. Latham 
(January 27); “X-Rays”, Dr. H. Judith Milledge 
(February 3); ‘Accelerators’, Prof. J. Rotblat 
(February 10); “Isotopes”, Prof. J. Rotblat (Feb- 
ruary 17); ‘Rockets’, Prof. H. S. W. Massey 
(Fébruary 24) ; ‘“‘Computers”, Dr. R. A. Buckingham 
(March 3); ‘Television Techniques”, Prof. J. D. 
McGee (March 10); ‘‘Electron Microscope’’, Mr. C. D. 
Curling (March 17). The fee for the course is 8s. 
Further information can be obtained from the 
Principal of the Institute. 


The Night Sky in January 


NEw moon occurs on Jan. 9d. 05h. 34m. v.tT., and 
full moon on Jan. 24d. 19h. 32m. The following con- 
junctions with the Moon take place: Jan. 5d. I1h., 
Jupiter 2°S. ; Jan. 18d. 23h., Mars 5° N. In addition 
to these conjunctions with the Moon, Mercury is in 
conjunction with Saturn on Jan. 11d. 04h., Mercury 
being 0-7°S. Mercury is too close to the Sun for easy 
observation. Venus is an evening star, visible low in 
the south-west for a short time after sunset. It sets 
at 18h. 25m. on January 31; its stellar magnitude 
is — 3-3. Its distance decreases during the month 
from 170 to 159 million miles. Mars is moving east- 
wards among the stars and is in Aries throughout 
January. It sets at 3h. 55m., 3h. 20m. and 2h. 46m. 
at the beginning, middle and end of the month, 
respectively. Its stellar magnitude decreases from 
— 0-6 to + 0-3, its distance from the Earth increasing 
from 68 to 94 million miles. Mars is in an excellent 
position for observing during the evening. Jupiter 
rises at 4h. 25m., 3h. 40m. and 2h. 45m. on January 1, 
15 and 31 respectively ; it is in Libra. Tho stellar 
magnitude of Jupiter is — 1-4; conditions for 
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observation are not very favourable. Saturn is g 
morning star in Sagittarius, rising at the end of the 
month at 5h. 30m. ; it is too close to the Sun for 
observation. Occultations of stars brighter than 
magnitude 6 are as follows, observations being made 
at Greenwich: Jan ld. 05h. 08-8m., v Leo. (D); 
Jan. Id. 05h. 31-2m., v Leo. (R); Jan. 22d. 29h. 
09-8m., 26 Gem. (D); Jan. 26d. O3h. 04-9m,, 
6 Leo. (R). D and R refer to disappearance and 
reappearance, respectively. The Quadrantid meteors 
are active on January 3; the radiant is near R.A, 
15h. 28m., Dec. + 50°. The Earth is at perihelion 
on January 2, its distance from the Sun being 91-4 
million miles. 


Announcements 


Str Henry Date has been elected an honorary 
member of the Biochemical Society. Sir Henry is 
one of the original members of the Society, and the 
appointment to honorary membership marks not 
only his distinction as a scientist but also his many 
years of service to the Society. : 


Mr. Epmunp J. Coorrr, who has had extensive 
experience of the development of voluntary associa- 
tions, has been appointed general secretary of the 
Scientific Film Association. 


Mr. W. A. Frercuson, of the Director’s office of 
the British Museum (Natural History), has been 
appointed secretary of the Museum in succession to 
Mr. T. Wooddisse, who will retire on reaching the 
age limit on April 1. 


TuE Institution of Mining and Metallurgy is to 
make grants in 1959 from the Bosworth Smith Trust 
Fund to assist postgraduate research in metalliferous 
mining (excluding mineral dressing but including 
surveying and geophysical prospecting). Projects 
may be supported for more than one year. Forms of 
application can be obtained from the Secretary, 
Institution of Mining and Metallurgy, 44 Portland 
Place, London, W.1, before February 28. 


Tue Council of St. John’s College, Cambridge, 
proposes not later than the end of April 1959 to make 
an election to the Kenneth Craik Research Award for 
the assistance of persons engaged in postgraduate 
research, preferably in physiological psychology. 
The value of the Award will be £450 a year. It will 
be tenable from October 1, 1959, for such period, not 
less than one year nor more than three years, as the 
Council shall decide. Applications should be sent to 
the Master, St. John’s College, Cambridge, so as to 
reach him not later than March 14. 


Tue Bradford Chemical Society, in conjunction 
with the Department of Chemical Technology of the 
Bradford Institute of Technology and the Yorkshire 
Council for Further Education, is holding a sym- 
posium on “Radiation Chemistry” on February 13 
and 14 at the Bradford Institute of Technology, 
Great Horton Road, Bradford 1. Further information 
can be obtained from Dr. W. R. Moore at the above 
address. 


Tue British Polarographic Research Society, 55 
Oriental Road, Woking, Surrey, is organizing an 
intensive five-day course in polarography, to be held 
during January 12-16. Instruction in techniques 
will be given by specialists from the Technical 
Advisory Panel of the Institute. Further details can 
be obtained from the Secretary of the Institute. 
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THE NUFFIELD FOUNDATION 
REPORT FOR 1957-58 


N its thirteenth annual report, covering the year 
ended March 31, 1958, the Nuffield Foundation 
records that, of the £8-5 million distributed during 
the fifteen years of its existence, about £6-5 million 
has been expended on ventures within the United 
Kingdom and £2 million in the overseas Common- 
wealth, of which grants totalling £850,000 were 
allocated in the year covered by the report. Of this 
total, about £1-75 million has been in the fields of 
science and technology, about £1-5 million in that of 
medicine, more than £1 million on the care of old 
people and research in aging, and about £1:-25 
million on social research and experiment and 
education. The present report places more emphasis 
than usual on the Foundation’s interest in ventures 
designed to discover the facts ,relevant to human 
behaviour and relationships, and an outstanding 
illustration of this is the investigation into techniques 
of sampling and questioning which has been in 
progress since 1949 under Prof. M. G. Kendall at the 
London School of Economics. The Foundation has 
now made a grant of £35,000 over five years to enable 
the Unit to expand its work to include studies of 
the design of questionnaires, the validation of social 
inquiries, of interviewer-respondent bias and the 
motives behind the actual behaviour of people. 
During the year the Foundation sought the views 
of leading biologists on the emphasis of its biological 
policy at a week-end conference at Tunbridge Wells, 
and the Foundation afterwards decided that biology 
should remain a major interest, not only because 
biological research is making its expected contribu- 
tions to medicine and agriculture, but also because 
it is indicating the growing points in other disciplines, 
particularly chemistry. Accordingly, the Foundation 
will support work which promises to lead to a new 
understanding of biological processes, and the report 
refers particularly to the Foundation’s interest in 
new developments in the analysis of synthetic 
systems, the control of enzymic synthesis, and the 
sequence of events that link particular nuclear com- 
ponents with the organization of the cell. In psy- 
chiatry it is interested in studies of behaviour and 
learning that throw light on the mechanisms involved, 
and it will continue to be interested in instrumenta- 
tion, both for resolving existing biological processes 
and for the possible development of new techniques. 
In accordance with this policy, a major grant of 
the year was £34,000 for the construction of an 
analogue computer at University College, London, 
resembling the nervous system of an animal, which 
will be trained to recognize shapes held in front of 
tts model eye. The new computer, which is the out- 
tome of Prof. J. Z. Young’s work on the physiology 
of learning, should be able to simulate the learning 
of the alphabet and the numerals and a limited 
number of more complex shapes, which might include 
human faces. The Institute of Experimental Psycho- 
logy, University of Oxford, has also received a grant 
of £10,00U over three years and nine months towards 
Dr. N. §. Sutherland’s investigation of the mech- 
ausms by which animals and human beings analyse 
timuli and, in particular, how visual shapes are 
inalysed. Two grants of £1,980 over three years and 


£900 over three years were made for investigations 
at the University of Reading on the structure of 
optic ganglia of the locust and their connexions 
and on the brain of the wood ant. A grant of 
£2,800 over two years was made towards Dr. K. E. 
Machin’s work on physical aspects of behaviour, 
and a grant of £1,500 a year for two years to 
University College, London, was in support of three 
studies which are part of general research into the 
causes and treatment of mental deficiency: the 
search for rare or hitherto unknown cases of meta- 
bolic disturbance ; dietetic experiments with selected 
amino-acids in cases of metabolic anomaly; and 
clinical trials of biologically active substances. 

A grant of £15,000 over five years was made in 
support of Prof. B. Katz’s work at University College, 
London, on nerve cells and muscle fibres, and further 
support of up to £1,500 a year for three years is 
being provided for Prof. J. Baddiley’s work at King’s 
College, Newcastle upon Tyne, on the chemical 
structure of bacterial cell walls. A programme of 
research into the effects of radioactive fall-out on 
wild animal population being undertaken by St. 
Bartholomew’s Hospital Medical College is being 
supported by a grant of £3,200. A grant of £4,884 
over three years was offered for a study of hybrid 
vigour at University College, London, and £800 a 
year for two years towards one of the acetate meta- 
bolism by Chlorella. 

Towards Dr. J. D. Biggers’s work at the Royal 
Veterinary College, London, on the growth of em- 
bryonic bones on chemically defined media, a grant 
of £3,200 over five years was offered, and one of 
£6,000 over three years was made to University 
College, London, in support of investigations on the 
mechanisms of processes catalysed by enzymes. For 
studies of pregnancy toxemia and scrapie and 
myopathy in sheep at the Nuffield Institute for 
Medical Research, Oxford, a renewed grant of £7,500 
for two years was made, and one of £6,500 over three 
years for research into the bacteriology of calf 
diarrhcea at the Royal Veterinary College, London. 
£12,000 was offered to the Marine Biological Associa- 
tion of the United Kingdom for the complete recon- 
struction of its aquarium. £2,200 a year for five 
years was given to the British Trust for Ornithology 
for a centre to collate, analyse and file the pooled 
data of bird observatories and to prepare reports. 
Up to £2,350 over three years was offered to the 
University of Glasgow for studies on the effects of 
physical and biological factors on spawning, while 
two interesting minor grants of £1,000 were made, 
one to Marlborough College towards the cost of 
apparatus needed for actual research into the mag- 
netic susceptibilities of materials, and the other to 
the University of Leeds for the production of a series 
of films presenting the development of scientific ideas 
in a form suitable for sixth forms and undergraduates. 

Besides administering the Oliver Bird Fund, the 
Foundation contributes an equal sum for fundamental 
and clinical research into the causes and cure of 
rheumatic diseases. Experience of the past four 
years points to the need for more centres specializing 
in rheumatism if more rapid progress is to be made. 
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Two problems in giving effect to such a policy are 
how to attract more clinicians into rheumatology and 
how to stimulate the interest of the pure scientist in 
the study of fundamental problems which may bear 
on rheumatism. Hope is expressed that work will 
soon begin on the difficult problems of what controls 
the behaviour of the fibroblast and what are the 
enzyme systems involved. Of four new grants in 
this field during the year, three have been given to 
centres already supported by the Foundation ; the 
fourth, of £4,000 over two years, was to the Institute 
of Orthopedics for research on the constituents of 
cartilage. The controlled clinical trials of cortisone 
and allied hormones suggest that both prednisone 
and prednisolone are superior to cortisone in the 
treatment of rheumatoid arthritis and that there may 
be some fundamental difference between the action 
of these two steroids and cortisone. Of other grants 
for medical research may be mentioned one of £80,000 
to endow a chair in child surgery at the University 
of London; up to £2,000 to the University of Leeds 
towards the cost of acquiring a Skeggs Leonard type 
of artificial kidney for comparison with the Merrill 
type; £2,250 a year for three years and a capital 
grant of £300 to the Institute of Neurology, Univer- 
sity of London, for a long-term clinical investigation 
into the effects of hypotensive drugs and anti- 
coagulant therapy in the treatment of cerebro- 
vascular disease; a further grant of £10,700 over 
two years to the Tuberculous Meningitis Unit, United 
Oxford Hospitals, for research on disseminated 
sclerosis ; up to £12,000 towards the cost of adapta- 
tions to the Pioneer Health Centre, Peckham, for a 
diagnostic centre for local doctors; and £2,520 a 
year for three years to the Institute of Psychiatry, 
University of London, for work on cutting the 
pituitary stalk. 

Among the grants for the care of old people and 
research in aging are one of £2,500 to the National 


SCIENTIFIC BASIS OF LAND 


N inescapable problem of the present-day world 

is the increasing pressure of population on land 
resources. Widespread knowledge and practice of 
death control have overtaken birth control so that, 
one by one, the countries of the world are experiencing 
the problem of how to match expanding population 
with expanding food production. The problem has 
now hit the Gambia, and in facing it the Gambian 
Government, perhaps influenced by the salutary 
lesson of the failure of the poultry scheme, is wisely 
realizing the fundamental need for a basis of factual 
knowledge on which to plan its land use and land 
planning policy. Rather more than a hundred and 
fifty years ago Britain, faced with the imminent 
possibility of a Napoleonic invasion, realized the 
need for adequate maps and set up the Ordnance 
Survey. 

To-day, the far-flung parts of the Commonwealth 
face crises of many different types, and the Direc- 
torate of Overseas Surveys has been charged with 
the Herculean task of providing at least a skeleton 
map cover as @ basis of operations. The maps the 
Directorate is producing are for the most part on a 
scale of 1: 50,000 and are based essentially on air 
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Institute for Adult Education for a comprehensive 
inquiry into existing educational facilities for the 
elderly, the use made of them, and the general role 
of adult education in helping people to adjust them- 
selves to retirement and to continue leading an active 
life ; £3,000 for a pilot study into the economic cir. 
cumstances of people over retirement age; £2,000 
over three years to the University of Exeter for an 
investigation into the effects of aging on the per- 
formance of tasks of varying complexity; and a 
further grant of a five-year fellowship rising from 
£1,500 to £1,700 a year to Dr. A. Comfort for his 
long-term investigations at University College, Lon- 
don, into the aging of fish and the pattern of aging 
in dogs and thoroughbred horses, which may yield 
information on the inheritance of longevity and the 
effects of parental age. 

Other grants for social research and education 
during the year include: £6,850 over three years 
in support of a study of the social composition 
of a Lancashire industrial town, which will com- 
prise an analysis of the number and functions 
of the professional, managerial and administrative 
groups and their role in the life of the community, 
and a study of the working-class population and its 
part in political and associational life and the relation 
of local to national culture. This study is being 
conducted by the Department of Social Anthropology 
and Sociology, University of Manchester. 

A brief summary is given of the first part of Mr. 
J. Trenaman’s study of the educational possibilities 
of radio and television, newspapers and films, towards 
which a further grant of £500 has been made. Broad- 
casting and the Press are the only contemporary 
influences that can reach across a majority of the 
population to the fringes of the 45 per cent that are 
resistant to education in its broader sense, and Mr. 
Trenaman thinks they could do more to stimulate 
critical thinking. 


PLANNING IN THE TROPICS 


photographs. At the same time, the air photographic 
cover provides a wealth of other information, notably 
that of present land use. There are special reasons 
for using this information to prepare a series of land 
use maps* of the Gambia on the scale of 1 : 25,000. 
The sandy leached soils in the past have been worked 
on a system of bush fallowing but produce only 
indifferent crops of sorghum, millet with some 
cassava and maize and groundnuts as a cash crop, 
and a little upland rice. With increased population 
the period of fallow is so shortened that the soils do 
not recover and the system breaks down. With 
Government aid, attention has been turned to the 
clearance of mangrove and grass swamps bordering 
the Gambia River and the cultivation of their heavy 
clay soils for rice. This is more revolutionary than 
it sounds, because, traditionally, the women have 
cultivated the land; but swamp clearance, con- 
struction of bunds and causeways and mechanized 


* Directorate of Overseas Surveys. Gambia Land Use Map, Sheet 
12/1: Janneh Kunda. Gambia Land Use Map, Sheet 14/11: Mansa 
Konko. (Scale 1:25,000.) (Tolworth: Directorate of Overseas 
Surveys, 1958. Obtainable from Edward Stanford, Ltd., 12 oy 
mgt W.C.2, and the Survey Department, Bathurst, Gambia. 
. 6d. each. 
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ploughing are man’s work. The policy has apparently 
been successful: the reclaimed areas can be pointed 
out with pride; the old ‘hungry season’ of March— 
April seems to have disappeared. Yet rice imports 
are increasing. Can it be that as new areas are 
reclaimed, equally large areas of upland are being 
abandoned ? Unfortunately, there are no map records, 
and we see here the inadequacy of statistics where a 
complete shift in cultivation from one part of an 
administrative unit to another would not appear at 
all in any statistics of land use. There could, indeed, 
be no clearer demonstration of the complementary 
character of cartographic and statistical-economic 
interpretation of data, or the inadequacy of the 
latter without the former. 

The work in the Gambia has been carried out 
under the direction of Mr. Martin Brunt, land -use 
officer of the Directorate of Overseas Surveys, 
working on air photographs coupled with three 
periods on the ground for vital checking. He used 
series of photographs taken in 1946 by the Royal 
Air Force and another series taken in 1956 by Air- 
craft Operating Co. (Aerial Surveys), Ltd. The fully 
coloured maps are able to show, therefore, the 
extension or retraction of rice lands. 

It is characteristic of tropical agriculture that the 
intricate pattern of land use is apt to defeat the carto- 
grapher even on large scales. Gambia is no exception. 
In the two published sheets out of the projected 
thirty-five sheets for the central Gambia, six colours 
are devoted to cropland, three being for rice according 
to the proportion of the land cultivated—the actual 
plots are too small. The tidal flats show a complex 
mixture of high and low mangrove and grass marshes 
with a little ‘barren marsh’. On high ground a dis- 
tinction is made simply between ‘woodland’, ‘fallow 
bush’ and grass. 

In due course an explanatory memoir is promised 
—no conclusions are drawn at this stage. In the 
meantime, there can be nothing but praise and 
admiration for all concerned: a far-sighted Govern- 


ment for commissioning a survey and the publication 
of a factual document in the form of maps which 
cannot fail to be of permanent value for all time ; 
a technically excellent publication ; and a land use 
officer who understands clearly the problems in- 
volved. 

A somewhat similar problem in a still more acute 
form is presented by the island of Singapore. More than 
a million and a half people are crowded into an area 
the size of the Isle of Man. The urgent questions are 
largely those of town planning, but there are patches 
of land excellent for intensive market gardening, 
producing much-needed fresh vegetables for the local 
market ; there are light lands with excellent coconut 
groves; and, though pineapples have been ousted 
and rubber is being squeezed out, poor soils remain 
in second growth scrub protecting water supplies. 
There are swamp lands inviting reclamation, and 
once again a careful record and understanding are 
vital. In this case the mapping is being carried out 
by the University of Malaya. The survey tradition 
established in the Department of Geography by Prof. 
E. H. G. Dobby (now of Ghana) is being ably continued 
by Robert Ho, Paul Wheatley and their team, and 
the first sheet* out of ninety-four projected on the 
scale 1: 6,336 (10 in. to the mile) has just been pub- 
lished for the Singapore Improvement Trust. Some 
twenty categories of rural land use are shown, and 
in addition urban land uses are fully delineated. 
Like the map of the Gambia, this constitutes a 
factual document of utmost and lasting value. By 
showing things as they are and then in the explana- 
tory memoir which is in preparation attempting an 
explanation, we are led away from that dangerous 
short cut of mapping ‘land capability classes’ decided 
so frequently on inadequate knowledge and based 
inevitably on a subjective judgment with present- 
day conditions in mind. L. DuptEy Stamp 


* Singapore Land Use Map, Sheet 8/49. Singapore Improvement 
[tay r ames Field work by Geography Dept., University of Malaya, 
y 4 


EUROPEAN ORGANIZATION FOR NUCLEAR RESEARCH 
REPORT FOR 1957 


HE third annual report of the European 

Organization for Nuclear Research* (CERN) 
covers the period to the end of 1957 and includes 
a list of the twelve member States of the Organ- 
ization; their percentage contributions to the 
budgets for the years 1957, 1958 and 1959; details 
of the structure and membership of the council ; 
and a list of the names of the senior staff of the 
Organization. 

During the period under review, the constructional 
work on both the proton synchrotron and the synchro- 
cyclotron accelerators and the buildings on the 
Meyrin site has progressed according to schedule. The 
600-MeV. synchro-cyclotron came into operation on 
August 1, 1957, and already an interesting programme 
of research under the supervision of Prof. M. Ber- 
nardini, the research director of the Synchro-cyclotron 
Division, has commenced. Details of the construction 
and testing of the accelerator are given in a separate 
section of the report. They include the investigation 
of properties of the internal proton beam; the 
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installation of the several beam-bending magnets ; 
the construction of the final shielding wall to give 
protection against neutrons; and the fitting of 
appropriate channels for mesons and neutrons. The 
Proton-synchrotron Division has passed the design, 
planning and ordering stage, and has entered upon 
the active phase of the construction of the machine 
and of its ancillary equipment. The whole Division, 
consisting of 165 staff members engaged on the 
design and construction of the synchrotron and nine 
Fellows in the research group studying new ways of 
accelerating particles, is now installed at Meyrin, 
and the old offices and laboratories at the Institute 
of Physics in Geneva have been vacated. The first 
scheme to be studied by the research group was the 
plasma ring accelerator proposed by Budker at the 
CERN Symposium in 1956. Both theoretical studies 
and experimental studies with an air-cored betatron 
have been carried out. It is expected that the 
experiments will indicate the general utility of 
plasma ring discharges as accelerator guide fields. 
The offices, laboratories, experimental halls and 
the ring complex are all finished and occupied by 
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the Proton-synchrotron Division, and apart from 
minor installations and some road work, there 
remains only the power house, containing the magnet 
generators, water-cooling apparatus and electrical 
sub-station for the whole machine, to be completed. 
Consideration has already been given to the research 
programme for the 25-GeV. machine, which is planned 
to become operational in 1960. At an energy of 
25 GeV. the usual methods of particle analysis and 
detection break down, and therefore a preliminary 
period devoted to the study and development of the 
necessary large and. expensive experimental equip- 
ment required is desirable. A short list of nine 
typical experiments which has been drawn up is 
given in the report. 

Unlike the accelerator divisions of the Organiza- 
tion, the Theoretical Study Division is not bound to 
follow a construction time-schedule, and its scientific 
output has already been considerable. It will, 
however, be greatly stimulated when the experimental 
groups become fully operative, for then it will enjoy 
the benefit of obtaining its data at source. The 
Division is mainly concerned with the investigation 
of the so-called elementary particles, their number, 
structure, properties and interactions. The lists of 
publications originating from the Division, and the 
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colloquia held at the Institut de Physique in Geneva 
until June 19, 1957, and at the Meyrin site until the 
end of the year, together with the lectures and 
colloquia of the Division at Copenhagen, are given in 
appendixes to the report. The number of members 
of the Division greatly increased during the year and 
included senior physicists from non-member countries 
who were able to pursue their studies in the Organ. 
ization’s laboratories through grants provided by the 
Ford Foundation. 

In the Scientific and Technical Services Division, 
the main spheres of development of experimental 
techniques were liquid-hydrogen bubble chambers 
and electronic evaluation of track photographs. In 
addition, a health physics section was started, and 
the Division continued to administer. the Scientific 
Information Service and the Cosmic Ray Research 
Group. 

The hydrogen-liquefying plant mentioned in last 
year’s report was installed in the summer of 1957 
and liquid hydrogen was produced for the first 
time in July 1957. The plant produces about 32 
litres per hour. The 10-cm. bubble chamber was 
completed during the year, and an illustration of 
it, together with photographs of other equip- 
ment, is included in the annual report. 


THE AUTOMATIC COMPUTING ENGINE AT THE NATIONAL 
PHYSICAL LABORATORY 


HE Automatic Computing Engine, or ACE, is 

the latest digital computing machine to be built 
at the National Physical Laboratory for the use of 
its Mathematics Division. This new machine, with 
its increased speed of operation, its larger storage 
capacity and its many additional functional facilities, 
is a considerable advance as a computing tool on its 
predecessors, the experimental pilot-model, ACE, and 
its engineered counterpart, DEUCE. 

It is not easy to assess the speed of a machine 
from the times taken to carry out the elementary 
arithmetical and logical operations. This is particu- 
larly true of any machine with a high-speed store of 
less than about 8,000 words, on which many problems 
will demand the use of the backing-up store. The 
times taken for a few basic computations probably 
give as accurate a picture of the overall speed as can 
be obtained without a detailed study. 

(1) The zeros of a polynomial of the 16th degree 
may be obtained in an average time of 15 sec. 
Because of the long word-length (48 digits), accurate 
roots even of very ill-conditioned polynomials of this 
degree will be obtained. Polynomials of degrees up 
to about 250 may be found without using the drum- 
store, though no particular loss in speed results from 
using the drum on such problems. 

(2) A set of simultaneous equations of order 30 
can be solved in about 5 sec. Even if none of the 
coefficients is zero, sets of orders up to 170 may be 
solved, the time taken varying approximately as the 
cube of the order but being slightly less for higher 
orders. 

(3) The solution of Poisson’s equation, V*V = 4p 
on @ square with 400 mesh points, may be obtained 
in about 75 sec. This time is for the direct solution 
of the finite difference equations and will give values 
correct to at least ten decimals. After solving one 


such problem, solutions corresponding to different 
distributions of p may be obtained in about 15-20 sec. 
each. 

ACE is a serial computer in which numbers and 
instructions have 48 binary digits ; the digit-rate is 
1-5 million per second, and therefore its word-time 
or minor cycle is 32 microseconds. 

The main working store consists of twenty-four 
mercury delay lines each containing thirty-two words, 
circulating in a major cycle of 1,024 microseconds. 
Rapid-access storage is obtained by using mercury 
delay lines with capacities of one, two and 
four words. The backing store consists of four 
magnetic drums containing a total of 32,768 
words. 

The ACE instruction specifies a three-address 
operation of the form ‘A function B to D’, where A 
and B are the store-addresses of the operands and D 
is the store-address to which the result of the 
operation is to be sent. Instructions also specify a 
further store-address, N, from which the next instruc- 
tion is to be extracted. The time needed to execute 
this operation (for single-length numbers) is 32 micro- 
seconds, and since each operation may be followed 
immediately by another, a maximum rate of oper- 
ation of 30,000 per second is possible. | 

The drum-store, the multiplier and the divider are 
independent units. These are put into| operation by 
the appropriate instructions and then work inde- 
pendently until they have completed their operation. 
This feature provides a parallelism of operation, since 
a multiplication, division, drum-transfer and a series 
of ordinary operations could be in progress at the 
same time. 

The three-address operation of the machine allows 
the multipliers and multiplicand to be selected and 
the multiplication process to be initiated by a single 
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instruction. The product is formed in fourteen minor 
eveles, that is to say, in 430 microseconds. The 
division process is similarly specified, and the quotient 
(rounded or unrounded) is formed in approximately 
1-5 milliseconds. The divider also contains an auto- 
matic standardizing process for use in floating-point 
arithmetical operations. 

The magnetic drum-store has a total capacity of 
1,024 long delay lines, that is to say, about 1-5 
million digits. There are four drums each having 
256 tracks, each track storing the contents of one 
delay line. Each drum has sixteen read heads and 
sixteen write heads, the 256 tracks being obtained by 
moving the heads as one unit into one of the sixteen 
discrete positions. Each drum is 6-75 in. long by 
5 in. in diameter, allowing a linear digit packing of 
100 per in. The drum is driven by a hysteresis motor 
running synchronously at 12,000 r.p.m. and is phase- 
corrected so as to rotate exactly once in five major 
cycles of the machine. 
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Punched card and magnetic tape equipment will 
be provided for input and output. The installation 
will initially consist of two machines: (1) a broad- 
side card reader, running at 450 cards per min. ; 
(2) a broadside card punch running at 100 cards per 
min. In order to read or punch 80 columns of a card 
the computer has an 80-digit input dynamicizer and 
an 80-digit output staticizer. 

The ACE has been designed and constructed to 
allow easy maintenance. Extensive marginal checking 
facilities are provided and the chassis units are 
designed to give complete accessibility to all com- 
ponents, valve connexions, etc. 

The machine is housed in ten cabinets, each having 
a cooled air-circulation system. Each cabinet is 
fitted with a rising door which permits immediate 
access to all the twenty-four chassis units contained 
therein. The number of valve envelopes is about 
6,000. J. H. Wiixrnson 

D. W. Davies 


THE ADELIE PENGUIN 


ETAILED observations of the Adélie penguin, 

Pygoscelis adeliae, have been carried out by 

Dr. W. J. L. Sladen of the Falkland Islands Depen- 

dencies Scientific Bureau and the Edward Grey 
Institute, University of Oxford*. 

The Adélie is antarctic and circumpolar in its 
distribution, but does not breed north of the South 
Sandwich Islands and Bouvet Island. It is the most 
abundant and widely distributed of all the antarctic 
penguins. 

Two rookeries were studied between 1948 and 1951, 
one at Hope Bay, Graham Land, and the other at 
Signy Island, South Orkneys. At both of these there 
survived a small number of birds that had been ringed 
two seasons before. The only certain way of determ- 
ining the sex of these penguins, other than by 
dissection, is to mark breeding birds before egg-laying 
and to continue observing them during the early part 
of the breeding season. Casuals and non-breeders 
cannot be sexed unless marked and recovered breeding 
in another season. 

The diversity in behaviour of a penguin community 
appears to be due to three factors which are often 
inter-related : variation among individuals, differen- 
ces in ‘intensity’ of behaviour, and differences in age 
and breeding experience. Emphasis is laid on the 
differences in age and breeding experience, and some 
evidence is given from field observations and dis- 
sections to show that this is an important factor. 

Suggested age-groups divide a population seen at 
the rookery into five categories: the experienced 
(established) breeders, the inexperienced (unestab- 
lished) breeders, the non-breeders (‘wanderers’) in 
adult plumage, the non-breeders in immature plumage 
(yearlings), and the nestlings. 

The established breeders, probably four or five 
years old and more, come back to their former nest- 
sites independently of their former mates. Such a 
bird may ‘keep company’ with another bird of the 
opposite sex until its true mate returns. 

The Pyyososild Penguins, 1: Methods of Study. 2? The Adslic 
i iae (Hombron and Jacquinot). By Dr. William 


a P. is 
J. L. Sladen. Pp. i+97+12 plates. (London: H.M. Stationery 
Office, 1958. Published for the Colonial Otfice.) 47s. 6d. net. 


The unestablished breeders have first to establish 
themselves and pair off. Their behaviour differs 
somewhat from that of the established birds, though 
with some overlap due to individual variations. 
They often arrive back later than the established 
breeders, and take up territories on the periphery of 
the colonies, or fill vacant places within them. They 
are the cause of most of the fighting. Courtship 
behaviour is more prolonged, egg and chick mortality 
higher and breeding efficiency lower. 

The non-breeding ‘wanderers’ in adult plumage are 
two or three years old and can be seen wandering 
around the rookery in small parties, and even visiting 
rocky outcrops up to 1,000 ft. above sea-level far 
away from the breeding area. Some of them build 
poor nests, or occupy vacant sites for a short time 
before moving elsewhere or being turned out by older 
birds. Of the wanderers which were dissected, some 
showed undeveloped gonads despite their adult 
plumage. It is this age-group which, together with 
some of the unestablished birds, under favourable 
conditions, occupy new ground and thus extend the 
range of the species. They will also quickly take the 
opportunity to fill any gap in the colonies, and may 
during the re-occupation period occupy territory in 
anticipation of the following season. 

The yearlings, which are easily recognized by their 
white throats, normally live among the pack ice, but 
are occasionally seen at the rookery, where they 
associate with the wanderers. Several were seen 
building nests in a half-hearted way on the edge of 
colonies ; but, like the wanderers, they never stayed 
in one place for long. 

Describing the displays and postures of the Adélie 
penguin, Sladen shows that during the first and 
second fasting periods the ecstatic display is confined 
to the male, its most important function appearing 
to be in pair-formation. A lone male by this display 
can attract a nearby female to its nest. After the eggs 
have hatched (or should have hatched), it is also 
seen in females, though on a diminished scale. It is 
more commonly seen among the younger and unestab- 
lished breeders or non-breeders than among the 
established breeders. 
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The ‘bili to axilla’ display, here described for the 
first time, appears to be closely related to the ecstatic 
and is probably also associated with pair-formation. 
Its resemblance to one of the attitudes of threat 
suggests that this display has in it a greater element 
of repulsion for the same sex and less attraction 
for the opposite sex than has the ecstatic. A possible 
relation to nervous strain of the ecstatic and ‘bill to 
axilla’ displays in some situations is suggested. 

Bowing is believed to be both a posture and a 
display, and it is suggested that the display is 
associated with early pair-formation, and is possibly 
a form of appeasement ceremony. 

Both sexes share the duties of nest-building. The 
Adélie’s habit of stealing stones suggests that it 
serves a useful purpose in distributing stones through- 
out a colony from the outside towards the centre, 
thus reducing the necessity for long treks. 

The breeding season starts when birds return to the 
rookeries in September and October and occupy nest- 
sites. They may have to travel 200 miles or more from 
their winter quarters, the last stage being over many 
miles (up to sixty) of rough sea ice. The occupation 
period is the period from arrival until the last egg has 
been laid. Evidence is given from marked birds that, 
once established, Adélies are, on the whole, very 
faithful to their old nest-sites from year to year, and 
keep the same mates. Nest-sites are often covered by 
a foot or more of snow, yet Adélies appear to come 
back to the same spot. 

The normal clutch is two eggs, the interval between 
the first and second being 2-4 days. If eggs are 


REINFORCED 


CONFERENCE on reinforced plastics, organ- 

ized by the British Plastics Federation, was 
held in Brighton during October 22-24. Twenty- 
four papers were presented, and a morning was 
devoted to short talks by representatives of indus- 
tries which use plastic components. 

For structural purposes, high polymers in bulk 
form are inadequate in strength and stiffness. After 
surface imperfections have been removed by acid 
polishing, bulk glass has great strength, of the order 
of 250,000 Ib./in.*, but it is structurally unsuitable, 
because of the ease with which the surface is damaged 
and because of the low average stress at which cracks 
are propagated from regions of damaged surface. 
By subdividing the glass into fine fibres, and bonding 
these together with a polymer, a useful two-phase 
structural material is obtained which is readily 
shaped during manufacture and which has high 
resistance to the propagation of cracks. The glass 
fibres are used in the form of rovings, chopped 
strand mat or woven fabrics. The polymers are 
usually polyesters or epoxides which have suitable 
mechanical properties at temperatures up to 150° C. 
Silicones are used where parts are required to operate 
at temperatures above 150° C., and they retain useful 
strength properties up to 250° C. 

Typical strength data for polyester glass sheet 
ma*‘erials at room temperature are given in Table 1. 

Polyester and epoxide resins are first prepared as 
linear polymers, containing double bonds; at this 
stage they are viscous liquids. During preparation, 
water of condensation is removed. The linear poly- 
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removed as soon as laid, a third one is sometimes 
produced. Adélies are single-brooded. The average 
incubation period (from the day of laying until the 
chick is completely out) is thirty-five days with a 
range of thirty-three to thirty-eight days. 

The care of the young is divided into three stages : 
the guard stage when one of the parents is at the nest 
to care for and feed the chicks while the other is 
away collecting food; the créche stage, when the 
chick is left alone at an age of about 4 weeks and 
groups with others to form créches of 100 or more 
chicks, and, later, the dispersal of the créches. 
Evidence is given from a study of marked adults 
and chicks that parents feed their own chicks in the 
créche, feeding others only in exceptional circum- 
stances. There are no adult ‘guardians’ of the créches. 
These two facts are contrary to previous accounts 
of penguins the chicks of which group together in 
créches. 

The Adélie’s habit of ‘keeping company’ (that is, the 
partnership of two birds of opposite sex at a nest-site 
which may, or may not, lead to the establishment 
of a mated pair) is believed to have survival value in 
facilitating the formation of new pair-bonds should 
the original mate of an experienced breeder fail to 
return, or return very late. 

Most Adélies moult away from the rookeries among 
the pack ice. The yearlings moult first. Little is 
known about the winter movements of the Adeélie, 
but the birds appear to stay in the pack ice and visit 
land in winter only when gales break up the fast ice 
and bring the pack close to land. 


PLASTICS 


Table 1 
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mers are then cross-linked using a monomer such as 
styrene or dicyandiamide. Cross-linking is achieved 
with the aid of a catalyst and may occur at room 
temperature or at an elevated temperature. Little 
condensation product is produced and little pressure 
is necessary. 

There is at present little knowledge of the nature 
of the interface between glass and polymers. Glass 
is normally covered with a film of moisture in which 
soluble constituents of the glass dissolve. This film 
may prevent adhesion to the polymer or inhibit 
polymerization locally. Various finishes, of which 
vinyltrichlorsilane is an example, are available for 
application to glass; by ing with the moisture 
film, these are thought to become chemically bonded 
to the silica in the glass, and to mt an un- 
saturated hydrocarbon surface for adhesion to the 
polymer. The treatment of glass fibres with such 
finishes yields a more durable plastic under wet 
conditions, but there is not yet sufficient experience 
to enable a reliable assessment to be made of long- 
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term durability. At the conference it was reported 
that a set of unstressed polyester—glass test pieces 
showed no deterioration in strength after exposure 
to English weather for two and a half years, and 
static-water tanks of the same material have now 
been in use for the same period with little apparent 
deterioration. 

When loaded to higher stresses, test pieces sub- 
jected to cycles of wetting and drying and to increase 
and decrease in temperature show deterioration in 
properties. Epoxides are generally superior to poly- 
ester under such conditions. Further research is 
necessary to produce a better understanding of the 
nature of the deterioration. 

The behaviour of plastics reinforced with glass 
under cyclic loading is interesting. Glass alone 
withstands a cyclic loading for about the same time 
as it withstands a steady load equal to the maximum 
occurring during the cyclic loading. This delayed 
fracture under steady load is known to be caused by 
attack of the atmosphere. With plastics reinforced 
with glass, once the adhesion between glass and 
polymer has failed, atmospberic attack can take 
place, especially if the polymer has crazed; but 
deterioration under cyelic loading may also be 
associated with damage to the glass surface when it 
slides in the polymer matrix or rubs against another 
fibre and with local non-uniformity of the distribu- 
tion of load among the fibres. 

Plastics reinforced with glass fail under cyclic 
loading in a shorter time than would produce failure 
under static loading of the same intensity. They 
therefore display a definite fatigue effect as well as 
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delayed fracture. The relatively high resistance to 
propagation of cracks is shown by cyclic loading 
tests on notched test-pieces. For a given notch and 
nominal stress cycle, the number of cycles to failure 
may be higher for the plastic than for aluminium 
alloy. 

In plastics reinforced with fibre, each fibre con- 
tributes to strength and stiffness only in the direction 
of its length, and it has been calculated that a two- 
dimensional isotropic mat of fibres should have 
strength and stiffness equal to one-third of that of 
the longitudinal strength of an array of parallel 
fibres. In principle, glass flakes, if of equal breaking 
stress, should form a sheet material three times as 
strong and stiff as a material reinforced with fibre. 
Preliminary experiments with glass flake material 
reported at the conference showed considerable 
increase in stiffness, but the expected increase in 
strength was not achieved, probably because of 
damage at the edges of the flakes. 

Originally developed for aircraft radomes, plastics 
reinforced with glass are finding increasing applica- 
tion in a wide variety of components. These include 
boats (including ship’s lifeboats), car bodies, bus and 
railway wagon-tops, translucent building panels, 
ventilation ducting, tanks for the chemical industry, 
partitions for aircraft and ships, and jigs and press 
tools. Their development has been a co-operative 
effort of physicists, chemists and engineers. Their 
further development will depend on the invention of 
stiffer glass, of resins more stable chemically and on 
research into the mechanism of deterioration and 
fracture. C. GuRNEY 


WHEAT GENETICS 


URING the ninth International Congress of 

Genetics, held at Bellagio in 1953, a small 
group of participants resolved to organize in the 
future special meetings at which the objects, results 
and techniques of current research in wheat cyto- 
genetics could be discussed, and at which workers in 
the field could be brought into personal contact. As 
a result, the first International Wheat Genetics 
Symposium was held during August 10-15 at the 
University of Manitoba, Winnipeg, Canada. Some 
150 participants from twenty-nine countries assem- 
bled to join in the formal sessions and in informal 
discussions, and to see something of the famous 
wheat-growing region of Manitoba. 

The formal meetings were held under the general 
chairmanship of Dr. H. Kihara (Japan), who, in his 
opening remarks, recollected that it was exactly forty 
years since the correct chromosome numbers of the 
polyploid series in wheat were determined by Saka- 
mura and by Sax. The intervening years had seen 
intensive research in the sub-tribe Triticinae, and 
this work had contributed to making the cytogenetic 
composition of common wheat, Triticum vulgare, 
better understood than that of any other polyploid 
species. Among the themes of the symposium were 
some of those which have been most prominent over 
the years in wheat cytogenetics, notably the investi- 
gation of the inheritance and the utilization of 
disease resistance, the study of the genetic make-up 
of wheat using aneuploids and the study of inter- 
specific crosses. 


In distilling the essence of many years of research 
into the application of backcrossing to plant breeding, 
and particularly to breeding for disease resistance, 
Dr. F. N. Briggs (United States) emphasized that 
these methods could only be applied when suitable 
recurrent parents were available and where improve- 
ment was required over only a limited sector of the 
total range of genetic variation. Combination of 
backcrossing with any other method, although some- 
times necessary, meant departing from the security 
of a tested genotype. 

Backcrossing is being used by Dr. N. E. Borlaug 
(Mexico) to produce multi-line varieties of wheat 
designed to combat stem rust, the biggest single 
disease hazard to world wheat production. Numbers 
of different rust resistant parents are backcrossed 
into a common, generally useful, but rust susceptible, 
recurrent-parent variety. When the recurrent. variety 
has been reconstituted in each backcross line to such 
an extent that there is little difference between them, 
except the source of their disease resistance, seed of 
the lines can be mixed in various proportions to form 
multi-line varieties. Since the multi-line variety 
includes several genetically distinct types of disease 
resistance, it is likely that during a rust attack some 
of its component lines will be resistant to the 
prevalent races of the pathogen. The risk of catas- 
trophic crop failures will therefore be minimized, both 
on account of the yield returned by the resistant 
lines and because the lower proportion of susceptibles 
will limit the build-up of the epidemic. The actual 
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composition of a variety may be changed from time 
to time to counteract altered frequencies of rust 
races, and as many as eight lines may need to be 
included in one variety. The first trials suggest that 
even in the absence of disease there may be some 
advantage in growing the multi-line varieties prim- 
arily designed to restrict rust. 

The importance of developing the disease resistance, 
and especially the rust resistance, of the wheat crop 
was underlined by two further contributions. Dr. 
D. R. Knott (Canada) has analysed twenty-nine 
varieties of wheat in which he has discovered seven 
different genes governing stem rust resistance. Some 
varieties had no genes for resistance, others had up 
to four, and moreover the genes differ in the level 
of resistance conferred and in their dominance 
relationships. By monosomic analysis, the chromo- 
some on which each gene is carried has been determ- 
ined, and now each gene is being separately studied, 
in the absence of all other genes for resistance, in a 
common genetic background. Dr. Knott’s work, in 
conjunction with information on the spectrum of 
race reactions due to each gene, permits a more 
rational approach to the utilization of sources of rust 
resistance in breeding programmes than has pre- 
viously been possible. 

indeed, this work comes part way to meeting the 
wishes of Dr. A. R. de Silva (Brazil), who pleaded 
for a more precise identification of genetic variation 
in the host and pathogen as a preliminary to the 
scientific incorporation of rust resistance in breeding 
material. He considered that host—pathogen relation- 
ships should be envisaged in terms of genes for 
resistance versus genes of pathogenicity, rather than 
in terms of rust races versus varieties differing in 
race response. 

In discussing these papers, Dr. E. C. Stakman 
(United States) proposed that resistance was perhaps 
not simply attributable to single genes, since it 
depended on the overall physiology and morphology 
of the plant. Disease resistance was also among the 
criteria on which Dr. R. de Vilmorin (France) and 
Mr. H. C. Thorpe (Kenya) placed considerable value 
in breeding new wheat varieties for their own areas, 
but both emphasized that overall suitability of 
varieties was essential, and that this could not be 
neglected for the sake of particular character- 
istics. 

1. vulgare is extremely tolerant of many aneuploid 
conditions in a way which forces recognition of the 
close genetic relationship between the three genomes 
of which it is composed. Dr. E. R. Sears (United 
States) has been prominent among those who have 
exploited the tolerance of aneuploidy in the cyto- 
genetic analysis of wheat. His work commenced with 
the development of the twenty-one lines monosomic 
in turn for each of the chromosomes of wheat. By 
using the monosomic series in crosses with euploids 
in other varieties it has been possible to analyse 
some of the genetic differences between varieties. 
Additional genetic knowledge was obtained from 
studies of the nullisomic derivatives of monosomics. 
The seven homceologous groups of three chromo- 
somes representing the equivalent chromosomes of 
each of the three genomes of wheat have been 
established by nullisomic—tetrasomic compensation, 
and the chromosomes in each genome have been 
determined by crosses of monosomics to stocks 
deficient for one or other complete genome. Dr. 
Sears’s monosomic series has provided the basis for 
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extensive aneuploid work in Canada which Dr. J, 
Unrau (Canada) reviewed. Monosomic series have 
been developed in more than eight wheat varieties, 
and some genetic analysis of disease and _ insect 
resistance and of certain morphological characters has 
been accomplished. The genetic breakdown of poly- 
genically inherited characters by aneuploid techniques 
has now commenced. In the Canadian work the 
reciprocal exchange of intact chromosomes between 
varieties is a new source of genetic information, a 
striking example of which is that the substitution of 
a particular chromosome pair from another variety 
may increase the yield of the recipient variety by 

50 per cent. . 

The extent of the genetical duplication, or tripli- 
cation, in hexaploid wheat was stressed from results 
with induced mutations in diploids, tetraploids and 
hexaploids by Dr. J. Mac Key (Sweden) and by Dr. 
S. Matsumura (Japan). This underlined the pro- 
nounced triplication of genetic material which is 
indicated by the recognition of the homeeologous 
groups by nullisomic-tetrasomic compensations. A 
puzzling problem has been to reconcile genetic 
triplication of this order with the purely diploid form 
of meiosis found in 7’. vulgare. However, Dr. R. 
Riley and Dr. G. D. H. Bell (England) were able to 
present evidence, confirmed by Dr. Sears, that the 
cytologically diploid behaviour of hexaploid wheat is 
controlled by genes on one chromosome, in the 
absence of which there is pairing between equivalent, 
homeeologous, chromosomes of the different genomes. 
Thus, genetical triplication in hexaploid wheat can 
be associated with high fertility and genetical 
stability because of a genotype which imposes a 
bivalent-forming regime. 

Aegilops squarrosa, the species which contributed 

the D genome of 7’. vulgare, would not be chosen by 
most plant breeders as a parent in a breeding pro- 
gramme. Yet its chromosomes are undoubtedly 
present in common wheat; a circumstance which 
Dr. L. Shebeski (Canada) considers may limit the 
advances to be made by breeding within the species. 
Consequently, he and Dr. B. C. Jenkins are producing 
entirely new sets of seven chromosomes, less restrict- 
ing in gene content, to replace the D genome. The 
very vigorous amphiploids between tetraploid wheat 
and rye were made with similar objects by Dr. E. 
Sanchez-Monge (Spain), and their derivatives may 
have practical value in certain marginal environ- 
ments where rye is at present the only suitable cereal 
crop. 
The difficulties of handling the concepts of genome 
analysis were described by Dr. H. Gaul (Germany), 
and other considerations in the study of polyploids 
were discussed by Dr. R. Riley and Dr. G. D. H. 
Bell (England), who compared the behaviour of a 
range of synthetic amphiploids with that of related 
natural polyploids. This work includes studies on 
the cytogenetics and breeding value of lines in which 
single pairs of rye chromosomes are added to the full 
complement of wheat chromosomes, or in which a 
single pair of wheat chromosomes is replaced by a 
single rye pair. 

. The conservation of natural variation in an 
economically prominent group like Triticum is 
clearly an important. consideration, and the main- 
tenance of collections of varieties potentially useful 
in breeding programmes was described by Dr. J. B. 
Harrington (Food and Agriculture Organization, 
Rome) and by Dr. L. P. Reitz and Dr. D. J. Ward 
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(United States). However, as Dr. A. T. Pugsley 
(Australia) pointed out, no system was in existence 
to co-ordinate the maintenance of wheat material of 
experimentally determined genetic constitution, and 
one of the practical accomplishments of the sym- 
posium was the formulation of a scheme to do this. 

A useful session dealt with the application of the 
induced mutations to plant breeding, during which 
Dr. R. 8. Caldecott (United States) considered the 
control of the mutation process. 

The symposium illustrated the general realization 
that if the maximum benefit is to be obtained from 
common wheat which, with rice, is one of the world’s 
most important food crop plants, the fullest under- 
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standing of its genetic architecture will be necessary. 
Already, however, the cytogenetic structure of wheat 
is better known than that of any other polyploid 
species, so that work on wheat is profoundly in- 
fluencing general ideas on evolution by polyploidy 
and on the genetic functioning of polyploid organisms. 
The present position has resulted from combining the 
efforts of many workers over the years. Future 
progress will similarly be achieved by the accumula- 
tion of numerous individual contributions, and so 
will be most rapid and efficient if the people engaged 
are enabled to pool their ideas in the way which was - 
possible at the first Wheat Genetics Symposium. 
RawpH RILEY 


INDIUM MONO-TELLURIDE 


By H. C. WRIGHT and J. C. BRICE 


Mullard Research Laboratories, Salfords, Surrey 


OME preliminary work has been carried out on 
S the mono-telluride of indium. This revealed some 
anomalous properties of the compound, which is vari- 
ously reported as semiconducting! and metallic?. The 
compound was prepared by direct fusion of stoichio- 
metric amounts of the elements in sealed evacuated 
silica tubes. X-ray powder patterns of the compound 
showed only the lines reported by Schubert’. 

The resistivity and Hall coefficient were measured 
on four specimens at room temperature. They all 
showed a carrier density of 1018 holes cm.-* or more, 
and resistivities varying from 4 x 10-3 to 4 x 10-? 
ohm cm. In an attempt to change the carrier type, 
specimens were prepared with 4 atomic per cent 
excess of each of the elements, respectively. The 
sign of the thermoelectric power-of both these 
suggested p-type conduction. 

The temperature coefficient of resistance was 
metallic from liquid nitrogen temperature to 440° K., 
at which point an anomaly was observed (Fig. 1). 
These measurements were made with increasing 
temperature. On cooling, the resistance at any given 
temperature was found to be dependent on time. 
This was investigated by holding a specimen at 
463° K. for 16 hr. and cooling over a period of 15 min. 
to 358° K. The rate at which resistance at time 
t (R;) approached its equilibrium value (R,,) is shown 
in Fig. 2. It was found that measurements could be 
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Fig. 1. Resistance versus temperature 


repeated provided adequate time for relaxation was 
allowed. 

The thermal electromotive force was measured 
against copper, using an apparatus described 
elsewhere*. It varied from 1-5 x 10? uV. °K.-? 
at 300° K. to 2-2 x 10? uV. °K." at 580° K. 
without anomaly. A point-contact diode of the 
material showed no rectification for currents up to 
+ 100 m.amp. 

Differential thermal analysis was carried out with 
a standard Gallenkamp apparatus using equal parts 
of tellurium and silica as a reference material. The 
results of two runs taken between 370° K. and 530° K. 
are shown in Fig. 3. 

The thermal conductivity of the material was 
measured by holding one side of a thin disk at the 
ice point and the remote side in contact with a 
heated surface at temperatures varying from 290° 
K. to 490° K. The rate of heat transmission through 
the disk was deduced from measurements of the 
power necessary to maintain the heated surface at a 
given temperature § with and without the disk in 
position. Each temperature was maintained for 
15 min. These results are presented in Fig. 4 in the 
form of a graph of WL/A against 8, where W is the 
rate of heat transmission through the disk of thick- 
ness L and cross-sectional area A: the slope of this 
graph at any temperature yields the thermal con- 
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Fig. 2. Change of resistance with time 
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Fig. 3. Results of differential thermal analysis 


ductivity of the material at that temperature. This 
is about 2 x 10-* joule cm.-! °K.-! except in the 
two regions between 363-393° K. and 448-473° K., 
where it is anomalously high. 

¢( An optical energy gap was sought by direct 
reflexion measurements but not found in the range 
0-85-2-5u. Powder reflexion measurements between 
0-2 and ly yielded no evidence of an energy gap 
either. A practically constant photo-voltaic effect 
was seen to be present between 0-85 and 2-5u. This 
could be attributed to the junction between the 
specimen and either of the Leitsilber (by Degussa, 
Frankfort) painted electrodes on it. 

The double relaxation time apparent in Fig. 2, the 
differential thermal analysis result in Fig. 3 and the 
thermal conductivity graph, Fig. 4, all suggest that 
two-phase change mechanisms operate between room 
temperature and 450° K. The resistance/temperature 
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Fig. 4. Thermal conductivity 


graph shown in Fig. 1 indicates only one change, at 
440° K. 

Electrical measurements slightly favour a metallic 
model for the compound in view of the sign of the 
temperature coefficient of resistance, and the non- 
rectification of the point contact diode. The large 
value of the thermal electromotive force, the com- 
puted Wiedemann-Franz ratio of 2 x 10-7 V.2° K- 
at 300° K. and the large variation of resistivity are. 
however, more characteristic of a semiconductor 
than a metal. 

Much of the preparative work was carried out by 
Mr. E. M. N. Baldwin and many of the measurements 
were made by Miss J. Schwarz. 


1 Sugaike, S.,and Takabayashi, S. M., Japanese Patent No. 2076 (1955). 
* Mooser, E., and Pearson, W. B., Phys. Rev., 101, 492 (1956). 

* Schubert, K., Dérre, E.,and Kluge, M., Z. Metallkunde, 46, 216 (1955). 
* Brice, J. C., and Wright, H. C., J. Sci. Instrum., 35, 146 (1958). 


DOES RHODOPSIN CONTAIN A TRACE METAL? 


By isAO FUKAMI, Pror. BERT L. VALLEE and Pror. GEORGE WALD 


Biological Laboratories, Harvard University, Cambridge, Mass., and Biophysics Research Laboratory of the 
Peter Bent Brigham Hospital, Boston 


“Gam of the problems involved in the study of the 
visual pigments is the source of their colour. In 
rhodopsin, for example, the prosthetic group neo-b 
(11-cis) retinene has Amax, in aqueous digitonin solu- 


tion at about 384 my. On combination with the 
specific protein of the rods, scotopsin, to yield 
rhodopsin, Amax, is displaced to about 500 my. On 
combination of the same prosthetic group with 
photopsin, the corresponding protein of the cones, 
Amax, is displaced to about 562 my. In the attempt to 
understand how the combination with protein could 
induce such large spectral shifts, an analogy has been 
drawn with the antimony chloride test for retinene’. 
On mixing retinene with antimony chloride reagent, 
a photosensitive blue product is obtained with Amax. 
about 655 mu, shifting within 30-40 sec. to 664 mu. 
Meunier and Vinet? had suggested that the source of 
the blue colour in the similar reaction of vitamin A 
is whe passage of an electron from vitamin A to 
antimony chloride, to form a vitamin A cation ; 
the greatly increased resonance associated with the 
electric charge introduced into the conjugated system 


of alternate single and double bonds causes the great 
enhancement of colour and large displacement of 
absorption toward longer wave-lengths. 

These suggestions raised the question whether 
opsin might contain a metal ion which acts similarly 
upon the attachment of retinene. 

Morton and his colleagues have made extensive 
studies of the occurrence of trace metals in eye 
tissues, including retinas. Copper and zinc were 
found primarily in the black tissues of the eye, 
associated apparently with melanin — protein com- 
plexes; only moderate amounts occurred in the 
retina*. In cattle, the retina is particularly rich in 
manganese, but the outer segments of the rods which 
contain the rhodopsin have less of this metal than the 
other retinal tissues‘. 

The particular problem in the present instance is to 
determine whether rhodopsin (opsin) itself contains & 
trace metal, and for this, of course, it is necessary to 
remove all contaminating ions.. The de-ionization 
of solutions with ion-exchange resins is now a well- 
known procedure. Ordinarily, such resins induce 
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Fig. 1. Arrangement of mixed ion-exchange resins modified from 
Dintzis (ref. 5). The resins were mounted in a burette in the 
following order: (A) 2 ml. of ‘IR-120’ in the ammonium cycle 
form ; (B) 2 ml, of ‘IRA-400’ in the acetate cycle form ; (C) 10 ml. 
of a mixture of 14 volumes of ‘IR-120’ in the hydrogen cycle 
form and 36 volumes of ‘IRA-400’ in the hydroxyl cycle form ; 
(D) about 0-2 ml. of ‘IR-120’ in the hydrogen cycle form ; and 
(Z) a plug of glass wool. Both resins employed were the standard 
9-10 per cent cross-linkage, 20-50 mesh (Rohm and Haas) 


sufficiently high alkalinities or acidities to denature 
proteins, but Dintzis® has devised a combination of 
resins, variously treated, which avoids this difficulty. 
Recently, Albrecht® used a column of such mixed-bed 
ion-exchange resins to remove ions from solutions of 
cattle rhodopsin, and found that this treatment, while 
removing inorganic ions and small-molecular peptides, 
does not alter the absorption spectrum of rhodopsin 
or its regenerability after bleaching. 

In the present experiments the same procedure was 
used to prepare ion-free cattle rhodopsin. ill 
operations were carried out in red light to avoid 
bleaching. Rhodopsin was prepared from the outer 
segments of cattle rods, separated from the remaining 
retinal tissues by differential centrifugation, and 
pre-extracted with aqueous buffer and petroleum 
ether, as previously described’. At a late step in 
preparation the buffer solution used to wash the rod 
residues was replaced by ion-free water to remove 
the bulk of the salts. The rhodopsin was then 
extracted with 2 per cent digitonin solution. Its 
purity was estimated optically through the ratio of 
extinctions at 400 and 500 my (EZ 40o/E500) ;_ the lower 
this index, the purer is the preparation. Pure cattle 
thodopsin has E4o9/E5o99 about 0-22. The concentra- 
tion of rhodopsin was determined from its known® 
+ son extinction coefficient at 500 my, namely, 

,000. 


ABLE 1. 
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The design of the resin column is shown in Fig. 1. 
The column was held for at least one hour at 4° C., 
and then washed by running ion-free water through 
it at the same temperature. Since the cattle rhodop- 
sin is dissolved in 2 per cent digitonin solution, this 
was the eluent used in the procedure. Ion-free digi- 
tonin solution was prepared initially by passing 2 
per cent digitonin over the mixed bed of resins repre- 
sented at C in Fig. 1. After this treatment the 
digitonin solution had an electrical conductivity 
less than 5-0 x 10-* mho. 

About 15 ml. of such ion-free 2 per cent digitonin 
was first run through the column at a rate of flow of 
0-5ml./min. Effluents were collected in 3-ml. aliquots. 
Usually the fourth fraction was set aside as the control 
digitonin solution for the metal analysis. At the 
moment when the last of the digitonin left the top of 
the column, 4 ml. of rhodopsin solution was pipetted 
on to the column. When this had entered the 
column, an additional 15 ml. of ion-free digitonin 
solution was introduced from a pipette and allowed 
to run through, always at a constant rate of 
flow. The effluent samples containing the rhodop- 
sin were identified spectrophotometrically, and 
through the observation that they possess a slightly 
higher electrical conductivity than ion-free digitonin 
solution. 

After a first preliminary trial, two further rhodopsin 
solutions were prepared and purified to the limits of 
these procedures. Their characteristics are shown in 
Table 1. The second of these solutions was less 
contaminated with extraneous material absorbing 
in the ultra-violet than the first, as shown by the lower 
EgoolEs00 Tatio; and it had also a lower specific 
conductivity. In both cases the pH of the de-ionated 
solutions was 5-2-5-3, close to the isoelectric point of 
cattle rhodopsin®. 

The metal analyses were performed at the Bio- 
physics Research Laboratory of the Peter Bent 
Brigham Hospital in Boston, by methods of quantita- 
tive emission spectrography described elsewhere’. 
The samples were ashed at 450° C., and dissolved in 
6 N hydrochloric acid. Spectral line emission was 
excited with a high-voltage copper spark; for this 
reason copper itself was not measured. The spectro- 
graph was a 21-ft. Wadsworth mounting equipped 
with a grating with 15,000 lines/in. and having a 
reciprocal linear dispersion of 518 A./mm. Eastman 
No. 103-0 photographic plates were employed, and 
the spectral lines were measured and corrected for 
background emission with a microdensitometer 
(Jarrell-Ash). The procedure was calibrated with 
spectroscopically pure chemicals obtained from John- 
son Matthey and Co., Ltd. 

The results of these analyses are shown in Table 2. 
For each of them 2 ml. of the preparations described 
in Table 1 wero used. Except for aluminium, small 
amounts of which apparently are carried into these 


' T. PROPERTIES OF TWO RHODOPSIN SOLUTIONS PURIFIED BY PASSAGE THROUGH MIXED-BED ION-EXCHANGE COLUMNS 
(1) Ratio of extinctions at 400 and 500 my, a measure of optical purity; (2) extinction at 500 


, and below it,in parenthesis, the molar 


Ht, 
concentration of rhodopsin; (3) electrical conductivity in reciprocal ohms; (4) ratio of sinchriedl commanteyity before and after de-ionization 


on the column; (5) pH of the 


——. 


1 solution 





| 


2 
Extinction and 
(molar concentration) 


4 
Decrease of conductivity 


3 
Conductivity 
through de-ionization 


(mho) 





| 
| Rhodopsin (1) 
| 
Rhodopsin (II) 


Digitonin control 


1°375 
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9-88 x 107° 
5-95 x 107% 
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Table 2, METAL ANALYSES OF RHODOPSIN SOLUTIONS DE-IONATED BY PASSAGE THROUGH A MIXED-BED ION-EXCHANGE COLUMN 
Tn each case 2 ml. of rhodopsin solution was ashed and analysed. Results are expressed as ygm./m]. sample as measured, and in the s 
rows the corresponding ion equivalents per litre are given for comparison with the concentration of rhodopsin in moles per litre stated 





Sample i Mn 


Cr Ca Al Mg Sr Mo Co Ba 





Rhodopsin (I) 

(3:39 x 10-* mol./l.) 
Digitonin control 
Net content 

(ion equiv./l.) 
Rhodopsin (11) 

(4-56 x 10~* mol./l.) 
Digitonin control 
Net content 

(ion equiv./1.) 








0 0 0 0 
0 0 0 0 


0-02 


0-01 
7-3 x 107° 








0, Not detected. 


* The values for aluminium are probably spurious, this metal having entered with the use of alum during the preparation. 


rhodopsin preparations through the use of alum to 
‘tan’ the rod outer segments, no other metal ion 
measured proved to be present in concentrations 
approaching the molar concentration of rhodopsin. 
Zine and iron, found in traces in preparation I, were 
not detectable at all in the purer preparation II. The 
latter contained a trace of calcium which did not 
appear in preparation I. A trace of barium appeared 
in preparation II, but did not seem at all significant, 
both because it was negligible in amount, and because 
in preparation I more barium was found in the control 
digitonin solution than in the rhodopsin. Copper, as 
indicated, was not measured because a copper spark 
was used to excite emission. Of the elements that 
were measured, it seems clear that none exists in 
cattle rhodopsin in significant amounts. 

These experiments offer no evidence for the par- 
ticipation of a metal ion in the structure of rhodopsin. 
Probably, therefore, there is no need to invoke the 
action of a metal ion in attempting to account for the 
chromophoric properties of retinene in any of the 
known visual pigments. Another mechanism that has 


recently been proposed, based entirely on organic 
structures, appears more likely to account for these 
properties". 

This investigation was supported in part by funds 
from the Rockefeller Foundation and the U.S. Office 
of Naval Research. 
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NEW VARIANT OF HUMAN FETAL HAMOGLOBIN 


EVERAL variants of the normal adult hzemo- 

globin A have been recognized. Furthermore, 
recent reports'.* indicate the existence of variants 
of the normal human ftetal hemoglobin F. 

In a paper electrophoretic study of the hemoglobin 
from newborn infants, 6ne sample (the 140th of this 
survey), in addition to the usual pattern F + A, 
also contained a smaller component of less anodic 
mobility than F (Fig. la). Comparison with known 
hemoglobin variants at pH 8-0-8-6 disclosed that 
this component is slower than hemoglobin S and only 
slightly faster than H and A, (Fig. 1b and c). At 
pH 6-7 (phosphate buffer, T'/2 0-1) this fraction 
moved rather like S. 

By agar electrophoresis® only two 
spots, corresponding to the posi- 
tions of hemoglobins F and A, 
were obtained. Since this tech- 
nique is very adequate for the 
detection of small amounts of 
hemoglobins S and C, such as 
might have been present at birth, 
the absence of an additional spot 
anodically to A further excludes 
the presence of either S or 


(a) 


So far hemoglobin O is the only variant known to 
occupy a position intermediate between EH (and A,) 
and S at alkaline buffer‘. Comparison of the com- 
ponent under study with O disclosed that both are of 
similar mobility (Fig. ld). Hzemoglobin O, however, 
can also be demonstrated on agar, where it occupies 
a position anodically to A (personal communication 
from Dr. Lie-Injo, confirmed by our comparisons) ; 
this property of O distinguishes it from the fraction 
described here. 

Starch electrophoresis at pH 8-6 resulted in a 
pattern similar to the one obtained on paper. Eluates 
of the isolated fractions were concentrated and sub- 


E 


x S FA xX 
(0) (c) 


Fig. 1. Electrophoretic patterns, closed-plate apparatus, barbital buffer pH 8-0, I'/2 0-05, 
Whatman No. 3 MM, 
tion, left to right. (a) Sample 140, containing fraction X in addition to A + F; (b) above, 
artificial mixture containing A, F and S; below, sample 140; (c) above, sample 140; 


12 hr., 0-5 m.amp./cm. All strips unstained. Direction of migra- 


C. below, hemoglobin A + £; (d) above, sample 140; below, hemoglobin A + 0 
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jected to electrophoresis again on paper; the slow 
fraction was very pure, containing only a small 
amount of F. Agar electrophoresis of this fraction 
revealed only one spot at the position of F; such a 

ition of the isolated component can also serve to 
distinguish it from two other hemoglobins, which on 
paper occupy neighbouring places: on one hand D, 
which does not separate* from A, and on the other 
A;, which according to our observations also does 
not separate from A on v 

The alkali denaturation rate of the isolated slow 
fraction was measured by a technique adapted from 
Jonxis and Visser’. The rate obtained was similar 
to that of hemoglobin F' from cord blood and to that 
of the fraction containing mainly F of the same 
electrophoretic separation of sample 140 (Fig. 2). 

The ultra-violet spectrum of the fraction under 
study, following starch electrophoresis of hzemolysates 
appropriately prepared*®, was very similar to that 
obtained for hemoglobin F as regards the trypto- 
phan band (Fig. 3). 

This sample of cord blood contained 18-3 per cent 
of the abnormal fraction. Over the ensuing fifteen 
weeks the abnormal fraction diminished progressively 
to 2:2 per cent; a parallel diminution of the total 
alkali-resistant pigment from an initial 60 per cent 
to 6 per cent was observed. 

The newborn presented no clinical or hematological 
abnormality. Of the parents the father was unknown 
and only the mother was available for study: she 
was normal. 

Our findings suggest that this is another variant of 
fetal hemoglobin : it is similar to hemoglobin F as 
regards progressive disappearance within the first 
months postnatally, alkali denaturation-rate, ultra- 
violet spectrum, and mobility on agar, but definitely 
distinct from F on paper and starch electrophoresis. 
It is interesting to note that an increased resistance 
to alkali and an ultra-violet spectrum similar to 
that of F were reported for the fotal variant 
‘Bart’s’®. 

The possibility should be considered that this 
variant represents the early normal embryonic 
hemoglobin, the existence of which has been suggested 
by other investigations’-* ; should this be the case, 
it must be admitted that in the present instance the 
early embryonic variant persisted beyond birth. 
However, the embryonic hemoglobin of Drescher and 
Kinzer differed from F by a definitely faster denatura- 
tion-rate’, while the hemoglobin of Halbrecht and 
Klibanski, although slower than F on paper, could not 
be clearly separated from the latter in spite of a 
prolonged electrophoresis®. Furthermore, the mobil- 


100 


oS 
oo 


hemoglobin 
2 w 
Ss 


Percentage undenatured 
no 
S 
T 





‘ n hin Dieu 


i: S 2 € 6 10 
Time (min.) 


Fig. 2. Alkali denaturation-rate, final concentration of sodium 

speroxite 0-05 M. Ambient temperature about 30°C. Spectro- 

photometer Zeiss PMQ II, wave-length 576 7 +, Normal 

cord blood; @, fraction X from sample 140; A, fraction con- 
taining mainly F from sample 140 
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Fig. 3. Ultra-violet spectrum at phowhele buffer, 0-03 M, 

pH 6-8, of hemoglobin solutions. Slit width 0-1 mm., 1 cm. 

cuvette. (1) Cord blood containing 75 per cent of hemoglobin F; 
(2) fraction X from sample 140; (3) hwmoglobin A 





ity of the present fraction was obviously different 
when compared with hzemoglobin from a 15-week-old 
foetus. 

The tentative name ‘Alexandra’ is suggested for 
the foetal hemoglobin described here. 

We are indebted to Dr. Lie-Injo Luan Eng, 
of Djakarta, for supplying samples of hemoglobin # 
and O. We also wish to thank Dr. Gnafakis of the 
Department of Obstetrics and the staff of the Padia- 
tric section of the Alexandra Maternity Hospital for 
helpful collaboration. The Department of Thera- 
peutics, University of Athens, placed at our disposal 
the spectrophotometer used in this study. 
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WHEREAS numerous variants of adult human 
hemoglobin (A) have been described, there have 
been few descriptions of hemoglobins which 
might be considered variants of the foetal pigment 
(F)*. These were concerned with ‘fast moving’ 
hemoglobins, which, on paper electrophoresis at 
alkaline pH, moved towards the anode faster than 
hemoglobin A. The present report is concerned with 
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a ‘slow-moving’ component seen in cord blood 
hzmoglobin collected in Singapore. Usually this 
pigment is present in very small amounts and cannot 
be detected with the naked eye, but has to be made 
visible by drying the paper after electrophoresis and 
staining it with a protein dye or with benzidine 
(pseudo-peroxidase reaction). Amounts visible with- 
out staining have, however, been found in several 
Chinese, three Malays, one European (English) and 
one Eurasian. One sample (Chinese cord blood 675), 
in which the proportion of this ‘slow’ component 
amounted to about 15 per cent of the total hzemo- 
globin, was suitable for further investigation. The 
infant had been delivered normally and its weight 
at birth was 7 lb. 13 oz. Both parents are healthy 
Chinese living in Singapore and neither of them 
shows any abnormality of the hemoglobin on electro- 
phoresis. 

On paper electrophoresis at pH 8-6, one fraction 
was seen in the position of hemoglobins A + F, 
and the other moved more slowly than hemoglobins 
S or D, or faster than hemoglobins EZ or A,. On 
ion-exchange resin chroma: song, 2 “af and agar electro- 
phoresis, both using citrate buffer at pH 6-2 where 
A and F can easily be distinguished, the sample 
separated into two components. The major fraction 
occupied a position similar to that of hemoglobin F, 
and the minor fraction one similar to that of hemo- 
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Optical density 


285 287 289 291 293 295 
Wave-length (my) 


Ultra-violet spectrum of the slow component isolated 
from Chinese cord blood CF-675 and of purified hemoglobin 
from human cord blood containing 80 per cent F and 20 per 

x—x, Cord blood control; O—O, Chinese cord 
blood CF-675 slow component 


globin A,. The two fractions were eluted, and 
on paper electrophoresis at pH 8-6 it was seen that 
the major fraction was composed of hemoglobin F 
and the new hemoglobin. Thus on paper electro- 
phoresis at pH 8-6 the new hemoglobin resembles 
hemoglobin O, which by this technique migrates 
between S (or D) and £ (or A,), and on chromato- 
graphy and agar electrophoresis at pH 6-2 it resembles 
hemoglobin F and unlike O moves faster than A. 

It was unfortunate that the hemoglobin solution 
had to be transmitted in the carbonomonoxy form 
and the alkali-denaturation properties of the isolated 
pigment could therefore not be determined. The 
ultra-violet spectrum was determined after elution 
from paper after electrophoresis. It showed a 
tryptophan fine-structure band of the foetal hemo- 
globin type. 

We reported the observation of a slow-moving 
foetal component to Dr. Ph. Fessas, who kindly informed 
us that he had observed a similar or perhaps identical 
abnormal fcetal hemoglobin at the Alexandra 
Hospital in Athens which he proposed to call hzemo- 
globin ‘Alexandra’. As it is very likely that the slow- 
moving hemoglobins from cord blood seen in Athens 
and in Singapore are the same, we have thought it 
preferable for the time being to refrain from naming 
the new hzmoglobin described here. 


F. VELLA 
Department of Biochemistry, 
University of Malaya, 
Singapore. 
Jenner Laboratory, 
St. Thomas’s Hospital, 








Department of Pathology, 
St. Bartholomew’s Hospital, 
London. 
Nov. 11. 
1 Fessas, Ph., and Papaspyrou, A., Science, 126, 1119 (1957). 
* Ager, J. A. M.,and Lehmann, H., Brit. Med. J.,i, 929 (1958). 
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LETTERS TO THE EDITORS 


PHYSICAL SCIENCES 


Smoke Emission of Low-Temperature 
Chars 


Ir has been accepted in the past that coals are 
effectively smokeless when they contain less than 
20 per cent of volatile matter. Thus the approved 
smokeless fuels include low-volatile steam coals 
ranging in volatile content from 9-1 to 19-5 per cent 


and manufactured fuels of volatile content near or 


less than the lower limit of this range. Consequently, 
the assumption is sometimes made that, in order to 
be smokeless, coal products must have their volatile 
content reduced to less than 20 per cent. 

This assumption is unjustified. Eazly work by 
Piersol! showed that devolatilization of certain 
American coals gave chars which were smokeless 
although their volatile contents exceeded 20 per 
cent. At the Coal Research Establishment a similar 
effect has been found for high-volatile British coals 
which were devolatilized by fluidized carbonization. 
Briquettes made from a char of 33 per cent volatile 
content emitted less smoke than a steam coai of 
18 per cent volatile content, and when made from a 
char of about 23 per cent volatile content they were 
completely smokeless. 

The smoke emission of a series of chars of different 
volatile contents and of coals covering a similar 
volatile range has been investigated. From both 
coals and chars, the smoke consisted mainly of tar-like 
pyrolysis products which had escaped complete 
combustion. ‘The smoke emission decreased with 
decreasing volatile content, but was always less for a 
char than for a coal of the same volatile content. 
Nevertheless, as shown by Fig. 1, a common relation- 
ship for coals and chars was found between the smoke 
yield on combustion and the tar yield as measured 
by a Gray—King assay. It is concluded that the 
smoke emission of coals and chars is mainly determ- 
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Fig. 1. Relation between weight of smoke and tar yield. Figures 
adjoining points are volatile matter fo sea (percentage d.a.f.). 
O, chars 
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Table 1. YIELDS OF PRODUCTS FROM THE CARBONIZATION OF CANNOCK 
Woop CoAL , 
(Percentages of dry coal) 





Char Tar Gas 
87°7 6-7 3-8 1-4 

77°8 18 4-0 4-0 
carboniza 


77°8 8-5 78 5-4 
Coal carbonized directly 
to 550° C 76°8 9-8 71 6-2 


Carbonizing conditions Liquor 


Coal carbonized to 425° C. 
Char. recarbonized to 





Total yields gad two-stage 























ined by the yield of tar on carbonization. A char of 
23 per cent volatile content is smokeless because its 
yield of tar is small. This is mainly due to the fact 
that during the preparation of the char, a considerable 
amount of tar has already been evolved from the 
parent coal. 

A second factor, however, also contributes to the 
low yield of tar from a smokeless char. When a high- 
volatile coal was carbonized at 5 deg. C. per min. to 
425° C. to give a smokeless char, the yield of tar was 
6-7 per cent by weight. Carbonization of the coal 
under the same conditions but to 550° C. (a tem- 
perature sufficiently high for the maximum yield of 
tar under these carbonizing conditions) gave 9-8 per 
cent yield of tar. It might therefore be expected 
that the yield of tar obtained by carbonizing the 
smokeless char to 550° C. would equal the difference, 
namely, 3-1 per cent. The yield obtained (1-8 per 
cent) was significantly lower. Moreover, as shown in 
Table 1, the decrease in yield of tar was accompanied 
by a corresponding increase in the yield of char, the 
yields of liquor and gas not being significantly affected. 
These results show that when carbonization is carried 
out to a fixed upper temperature in two stages, some 
of the intermediate pyrolysis products, which would 
have been evolved as tar in a single-stage carboniza- 
tion to that temperature, are converted into char. 
This effect is related to the observation of other 
workers?“ who, studying different aspects of coal 
pyrolysis, have also observed that when the upper 
temperature limit of carbonization is fixed, the yield 
of tar or coke depends on the carbonizing conditions. 
It is concluded that certain pyrolysis products of 
coal can either be evolved as tar or, if they are left 
in contact with the heated coal, undergo further 
reactions—possibly polymerization or condensation— 
to give a solid product. 

Thanks are due to the National Coal Board for 
permission to publish this communication, a full 
account of which is being published elsewhere. 

W. N. Apams 
A. F. Garngs 
D. H. Gregory 
G. J. Prrr 


Coal Research Establishment, 
National Coal Board, 
Stoke Orchard, 
Glos. 
Dec. 5. 

1 Piersol, R. J., Rep. Invest. Ill. Geol. Surv. No. 41 (1936). 
2 Warren, W. B., Indust. Eng. Chem., 30, 136 (1938). 
* Partington, R. G., and Sidebottom, R. (in the press). 
‘van Krevelen, D. W., Huntjens, F. J., and Dormans, H. N. M., 

Fuel, 35, 462 (1956). 





34 


Precipitation on a Dislocation 


We have recently made a study of the effect of 
heat treatment on silicon crystals containing up to 
107 aluminium atoms/c.c. After heating for several 
hours at a temperature of 1,250°C., transmission 
infra-red microscopy reveals the presence of a -pre- 
cipitated second phase within the crystals. In samples 
free of dislocations, these precipitates are needle- 
shaped and located at random sites, whereas in 

with a dislocation density between 10? 
and 10 cm.-*, the precipitation occurs almost 
entirely along the dislocation lines. These latter 
precipitates invariably appear as discrete particles 
strung out along the lines (Fig. 1). 

A possible mechanism for the growth of the pre- 
cipitates is by the observation that these 
are discrete and lie along the dislocation lines, that 
is, the impurities migrate to the dislocation and then 
flow rapidly down the core to sites where precipitates 
have nucleated. Such a possibility has previously 
been suggested by Bilby' to explain the observed 
persistence of the ¢*’* law in some strain-aging and 
internal-friction experiments’. Bilby considers that, 
even in the later stages, the impurities migrate to 
the dislocation under predominantly drift forces. 
We consider, however, that the drift flow across any 
internal surface within the crystal is small compared 
with the diffusion flow. Such a proposition has 
recently been used to discuss the growth of an 
impurity atmosphere near a dislocation*®. Since the 
boundary condition adopted in that treatment 
enforced zero net diffusion flow, the growth of the 
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Fig. 1. Discrete particles along an isolated dislocation in alum- 
inium-doped silicon after heating at 1,250° C, for 18 hr. ( x 1,000) 
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Fig. 2. Cylindrical p-n ogee around single dislocations 


atmosphere was due entirely to the small drift 
perturbation. 

An essential feature of our model was that the 
impurities, in the core region, had extremely high 
mobility. The concept of high diffusion rates down 
the dislocation core at a later stage, when the im- 
purity atmospheres have condensed locally to form 
discrete precipitates, is thus consistent with this 
model. Once such precipitates have nucleated, the 
relevant boundary condition is zero impurity con- 
centration at the dislocation core. We assume here 
that the precipitates occupy only a small fraction of 
the total length of dislocation line. With this bound- 
ary condition, there will be a net diffusion flow across 
any internal surface, and hence to a first approxima- 
tion drift flow may be neglected. The number of 
impurities reaching the core in time ¢ with this 
boundary condition has been recently evaluated by 
F. S. Ham (private communication), although his 
reason for adopting this boundary condition is the 
opposite of ours, since he considers that impurity 
atoms are completely immobilized on reaching the 
centre of the dislocation. The number of atoms 
arriving at the dislocation in time ¢ is a function of 
the dimensionless variable m = Dt/r,?, where D is 
the diffusion constant and r, is the radius of the 
dislocation core. The variation closely resembles m*” 
for 0-1< m< 20. It is interesting to note that this 
variation is similar to that found in strain-aging 
experiments in steels containing small concentrations 
of carbon and nitrogen*. To obtain reasonable agree- 
ment, 7, must be chosen in the 20 A. < T% < 
60A.; this range includes the value of r, obtained 
in our previous calculation for the growth of & 
Cottrell atmosphere’. 
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If the precipitation process is governed primarily 
by drift flow, then one would expect an asymmetrical 
distribution of concentration around the dislocation 
core, due to the angular dependence of the potential 
field‘. Our assumption, however, of the predominance 
of pure diffusion flow would lead to a radially sym- 
metrical distribution. Silicon provides a unique oppor- 
tunity to distinguish between these two possibilities. 
The flow of aluminium (a p-type impurity) to form 
such strings of precipitates as shown in Fig. 1 clearly 
depletes the region in the neighbourhood of each 
dislocation. Thus a p— junction would be produced 
in this region if the crystal initially contained both 
phosphorus and aluminium, the concentration of the 
latter being slightly in excess, since no precipitation 
of phosphorus occurs. The trace of such a pn junction 
is a line of equal aluminium concentration, and may 
be revealed as a step on the surface of the crystal by 
using the Dash etch’ ; at the same time, an etch pit 
is produced at the point of emergence of the dis- 
location line. Examples of this are shown in Fig. 2. 
The p-” junctions are seen to be circular and con- 
centric about the etch pits, supporting our argument 
for radially symmetrical flow to the dislocations. A 
more stringent test would be to examine this contour 
after much shorter diffusion times; however, the 
technique is only feasible when the radius of the 
p-n junction is greater than the radius of the etch 
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it. 
: We wish to thank our colleagues in this Laboratory 
for support in carrying out this work. Thanks are 
also due to Dr. T. E. Allibone, director of the Research 
Laboratory, Associated Electrical Industries, and 
to the Admiralty, for permission to publish this 
communication. 
. BuLLovucH 
. C. NEwMan 
J. WAKEFIELD 
J. B. Writs 
Research Laboratory, 
Associated Electrical Industries, Ltd., 
Aldermaston Court, 
Aldermaston, Berkshire. 
Dec. 9. 
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(Oxford University Press, 1953). 
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Neutron Diffraction at a High-Flux 
Reactor 

Up to the present, all neutron diffraction studies in 
Great Britain and practically all structural studies 
elsewhere have been carried out with neutron beams 
from reactors which have a peak flux of a few times 
10 neutrons per sq. cm. per sec.; for example, at 
Harwell the reactor Bepo has been used for this 
work. We have now made preliminary measurements 
with a spectrometer at the research reactor Dido, 
where a peak unperturbed flux of about 5 x 1018 
neutrons per sq. cm. per sec. is available. We achieve 
in practice an increase of about twenty times the 
intensity of our neutron beam, and this increase is 
available for reducing proportionately the size of the 
sample for study. The advantage of this, for solid- 
state studies with neutron beams, can be seen in 
two ways. 

For materials which are available only in poly- 
crystalline or powder form it was previously necessary 
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to use about 5 c.c. of material in order to attain 
reasonably large diffracted intensities and adequate 
angular resolution. The same result is now obtained 
with a volume of 0:3 ¢.c. This quantity of diamond 
powder, often used as a standard substance, has given 
peak intensities of 560 and 460 counts per min. for the 
(111) and (220) reflexions respectively on a background 
of 40 counts. Apart from the more obvious ad- 
vantages of using small samples, there is an important 
prospective gain for magnetic materials: it will 
become a, practical proposition to make samples with 
the iron isotope, iron-57, which has a nuclear scatter- 
ing amplitude less than a quarter of that of ordinary 
iron and which is correspondingly less troublesome 
when distinguishing between the contributions from 
nuclear and magnetic scattering. 

For single crystal investigations, a reduction in size 
by twenty times enormously increases the range of 
materials which can be obtained in crystals of suffi- 
cient size to be studied. Over the past few years 
structural studies have been made at Harwell using 
single crystals of many chemical compounds. The 
average size of crystal used has been 160 c. mm. ; thus 
this now becomes about 8 c. mm., or a fragment 
with an edge of about 2 mm. each way. We quote 
as an example a result for potassium bromide which 
serves as a standard substance.; a cleaved block with 
a volume of 5 c. mm. gave a peak count of 7,000 
neutrons per min. for the (200) reflexion. As well 
as widening the range of materials which can be 
studied as single crystals, reduction of size brings 
the important additional advantages that corrections 
for secondary extinction will be much less significant, 
and crystal preparation using selected isotopes, for 
application of the isomorphous replacement method 
of structural analysis, will become practicable. 

A description of the spectrometer, with an account 
of the problems posed by the higher flux, will be 
published elsewhere. 

G. E. Bacon 
R. F. DyER 


Atomic Energy Research Establishment, 
Harwell. 
Nov. 6. 


Tensile Strength of Asbestos 


ASBESTOS is the generic name for those silicate 
minerals which cleave naturally into fibres, the three 
important species being chrysotile (white asbestos), 
crocidolite (blue asbestos) and amosite. This unique 
mineral structure lends itself better to measurements 
of tensile strength than do the more common minerals 
with isotropic or platy structures, which are extremely 
difficult to prepare in the form of adequate tensile 
specimens, although measurements on mica have 
been reported!. 

Very high values may be predicted for tensile 
strengths of silicates, from consideration both of the 
strengths of the stable silicon-oxygen chains or 
sheets which characterize these minerals, and of the 
cohesive pressures which exist in solids, and which 
must be equalized in order to break a specimen. An 
explanation for the discrepancy, which exists between 
the estimated tensile strengths of solids and the 
highest values usually obtained in practice, was given 
by Griffiths**, who said in effect that the high 
strengths calculated were correct and that the tensile 
measurements were wrong. The tensile strength of 
asbestos has been measured by Syromjatnikoff* and 
by Badollet®, who have reported various values, but 
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none exceeding 330,000 lb./in.*, which is a high value 
for a tensile strength (steel piano wire is usually 
quoted as having a strength of 350,000 Ib./in.*), but 
is only a fraction of the value to be expected. 

We have carried out a large number of tensile 
measurements (including modulus determinations), 
on asbestos of different types and have found that 
results may be obtained which are much higher than 
any yet reported. By taking high-speed photographs 
during a measurement, we have also been able to 
demonstrate the type of failure which occurs when 
asbestos fibres break. Our initial work indicated 
that, in order to obtain accurate results, the cross- 
sectional area of the fibres should not exceed 10-5 
em.*, this being calculated from the specific gravity, 
length and weight of the specimens determined on 
a microbalance with a sensitivity of 1 ygm. The 
samples were mounted on a slip of paper on two 
spots of ‘Seccotine’ and these covered with small 
squares of paper. In this way, a good grip for the 
jaws of the tensometer was provided, and there was 
no tendency for the fibres to slip through the glue. 
The paper was carefully cut through just before the 
stress was applied. The tensometer consisted of a 
modified ‘Chainomatic’ balance: the strain was 
determined by observing the pointer with a micro- 
scope. 

Our investigation consisted of making a series of 
determinations of tensile strength for various lengths 
of fibre. Average results, as well as a maximum 
strength obtained at each length, are shown on Table 1. 
Each average strength reported is the mean of not 
less than 25 results, it being found that a larger 
number of tests did not appreciably alter the pro- 
gressive average. Tests carried out on the same 
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Table 2. Youna’s MODULUS 





Length | Young’s modulus | Coefficient 
of = (10° Ib./in.*) of variation 
em. 
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(per cent) 
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a b 
intervals between each of the four exporsres are 10-8" 32 and 
44 thousandths of one second, respectively 
samples, over a period of two years, gave repeatable 
results to within a few per cent. 

Relatively long fibres were used to obtain values 
of Young’s modulus, which are given in Table 2. 
For amosite and crocidolite asbestos, the plots of 
load versus extension were straight lines up to the 
breaking point. For chrysotile asbestos, plastic 
deformation occurred when the tensile stress exceeded 
about 80 per cent of the breaking load ; the straight 
portions of the curves were used for calculating 
Young’s modulus. 

The tensile determinations show that in the 
most favourable circumstances, and using very short 
fibres, tensile strengths of approximately 900,000 lb./ 
in.? may be obtained, approaching the value of 
1,500,000 lb./in.*, which Orowan has suggested® for 
solids of this type (Fig. 1). The photographs (Fig. 2) 
demonstrate the mechanism of failure during the 
tests, which is comparable with that of mica, reported 
by Orowan’. Amosite gave a more brittle and sudden 
fracture which could not be resolved on our photo- 
graphs. 

Thus it appears that failure usually begins at 
surface flaw but that the strain is relieved by rupture 
of the relatively weak interfibrillar bonds, thus pro- 
ducing broken fibres at that point, but exposing the 
surfaces of fresh fibres which may begin to fail at 
quite a different place. The possibility of failure 
beginning at surface flaws is clearly reduced as the 
length of the specimen is decreased, thus enabling 
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higher tensile strengths to be measured on shorter 
specimens. 

We are grateful to Prof. E. Orowan, of the 
Massachusetts Institute of Technology, for helpful 
comments, and to the directors of the Cape Asbestos 
Co., Ltd., for permission to publish these results. 

R. ZUKOWSKI 
R. GazE 
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Central Research Laboratory, 
The Cape Asbestos Co., Ltd., 
Harts Lane, 
Barking, Essex. 
1Qrewan, E., Z. Phys., 82, 235 (1983). 
* Griffith, A. A., Trans. Roy. Soc., A, 221, 163 (1920). 
‘Griffith, A. A., Proc. First Int. Congr. App. Mech., Delft, 1924, p. 55. 
‘Syromjatnikoff, F., Z. Krist., 66, 191 (1927/28). 
‘Badollet, M. 8., Cunada inst. Min. Trans., 54, 151 (1951). 
*Qrowan, E., “Reports on Progress of Physics”, 12, 186 (1948/49). 
iQrowan, E., Z. Phys., 89, 634 (1934). 


Simulation of Lunar Craters: a Blow-hole 
Theory 


RecEnt reports of voleanic activity on the Moon! 
have stimulated us to repeat an accidental observa- 
tion made many years ago by one of us (A. G. G.). 
During rapid evacuation of a quantity of magnesium 
carbonate in a flask, a number of blow-holes appeared 
as the occluded gas escaped, leaving a pattern of 
rings, some with central ‘pimples’, closely resembling 
lunar craters. In the present work, we have repeated 
this experiment (Fig. 1). We have also put a quantity 
of dry powder (sand, salt, magnesium oxide or 
magnesium carbonate) in a 5-l. flask, which was 
continuously evacuated; a small flow of air was 
admitted at the bottom of the flask by a small hole. 
Various forms of blow-hole were observed. In many 
cases, a marked ring, with steep inner edge and less 
steep outer edge, was formed by the fountain of small 
particles ; sometimes, when the air was cut off, a 
small pimple remained at the centre of the fountain 
as it collapsed (Fig. 2). The form of the ‘crater’ 
varied rather with type of powder, especially its angle 
of slip, and the depth, and with the rate of flow of gas. 

It is known that terrestrial volcanoes may emit 
large quantities of dust and ash (cf. the fate of 
Pompeii), but the presence of an atmosphere inter- 
feres with the free fall of the particles. On the Moon, 
with no atmosphere, lower gravity, and probably a 
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Fig. 2 


dry, ‘sandy’ surface, formation of the craters, with 
or without a central peak as the blow-out peters out, 
seems possible. It should be noted that the escape 
of gas trapped beneath the Moon’s loose ‘sandy’ 
surface, with the formation of this type of blow-hole 
crater, would not necessarily require the high sub- 
surface temperatures usually associated with volcanic 
activity. 

The meteoric theory of craters seems unable easily 
to account for the circular, rather than oval, shape 
made by the non-vertical fall of a meteorite, or for 
the very smooth surface of the area within the ring. 
In our experiments, the region within the craters was 
usually fairly flat, although the formation of a fluid- 
ized bed may account for this, and such a condition 
seems unlikely on the scale of the lunar surface. 

Recent unconfirmed reports! of C, emission bands 
near the crater Alphonsus may not necessarily indicate 
that the gas has a very high initial temperature. 
It has recently been shown? that shock-wave excita- 
tion of CO, CO, or CH, produces C, Swan emission. 
Shock-waves can be produced by a sudden release 
of pressure, as in the bursting-diaphragm shock tube. 

While these theories are speculative, it seems that 
the possibility of lunar craters being caused by 
fountains of dust blown out by trapped gas should be 
considered. 

A. G. Gaypon 
R. C. M. LEARNER 
Department of Chemical Engineering, 
Imperial College of Science and Technology, 
London, 8.W.7. Dec. 5. 


1 Kopal, Z., New Scientist, 4, 1362 (1958). 
*weigeD). A. R., and Gaydon, A. G., Proc. Roy. Soc., A, 239, 464 


Microwave Dielectric Properties of Indian 
Shellac in the 8mm. Range 


SHELLAC is produced in India after refinement 
from natural seedlac which contains’ more than 
88 per cent of lac and 4-5 per cent of wax, the re- 
mainder being made up of colouring matter, gluten 
and moisture. Various grades of commercial shellac 
contain varying percentages of soluble impurities, 
wax, rosin and moisture. For microwave work a 
very high degree of purity is needed in dielectric 
samples. The three grades of shellac, ‘Blonde’, 
‘Crown’ and ‘Granta’, manufactured by Angelo 
Bros., are free from rosin and orpiment and contain 
only 0-5-0-1 per cent of the insoluble impurities. 
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They are at present the only samples of the highest 
degree of purity available and have therefore been 
used for dielectric measurements in the 8-mm. band. 
Measurements have also been taken in two other 
electrical grades used for micanite. The dielectric 
loss in shellac, grade ‘Blonde’, is found to be the 
lowest in the 8-mm. band, and for this grade measure- 
ments of loss have also been carried out over a very 
wide band of radio frequencies. 

The microwave dielectric properties of several 
grades of shellac at radio-frequencies have been 
reported! and the variation of the dielectric loss with 
temperature has also been studied? in three grades 
of shellac of high purity in. the 3-cm. band. The loss 
factor in the case of shellac lies in the medium range 
so that the standing-wave technique of Von Hippel? 
is found to be most suitable and accurate. A suitable 
test bench with a VX 357 klystron oscillator, an 
attenuator and a Hilger standing-wave indicator 
Type W870 with frequency meter and crystal de- 
tector were used. The oscillator could operate con- 
tinuously in the range 8 -35—9-16 mm. with a maximum 
power output of 19-5 MW. The unit was situated in 
an air-conditioned laboratory and additional air 
cooling was provided by an external assembly of air 
blowers, to keep frequency-drift to a minimum. 
A dielectric cell with a movable shorting plunger was 
made in the laboratory. The square law response of 
the crystal, depth of probe penetration and standing 
wave ratio with the shorting plunger were adjusted 
in accordance with the standard methods‘. 

Wave-guide samples of shellac were made by 
softening the material, obtained in the form of flakes 
of high purity, and then moulding it in a die under 
pressure. The die was kept warm, to prevent en- 
trapping of air bubbles, and only samples free from 
them were used for these experiments. At least 
three samples of each grade of shellac of varying 
thicknesses between 24/4 and 52,/4 were used for 
measurements of loss, where iq is the wave-length 
in the dielectric. All samples were first dried in an 
electric oven and then left in a desiccator for 45 hr. : 
it was found that moisture can be eliminated by this 
method without detriment to the sample. 

The complex permittivity y = y’ — jy” has been 
determined at room temperature (25° + 1°C.) at 
35-65 Ge./s. (Ag = 8-412 mm.) and the results are 
shown in Table 1... y” is represented in terms of the 
tangent of the loss angle, tan § = y’/y’. A cor- 
rection was also applied to the dielectric constant 
for clearance errors‘. 

Dewaxed ‘Blonde’ grade of Indian shellac shows 
the lowest loss in the 8-mm. band. This particularly 
pure grade is made by a solvent process using cold 
alcohol, in which the wax is soluble. The measure- 
ments of dielectric loss in this grade were carried 
out over a wide frequency band from 10 kc./s. to 
35 Ge./s. to find the peak of the dielectric loss. The 
S-band measurements were made on a _ shorted 
coaxial line* through the courtesy of Shri Krishnaji 
in the Department of Physics in the University of 


Table 1. DIELECTRIC CONSTANT AND LOssS OF INDIAN SHELLAC IN 
THE 8-MM. BAND 
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Allahabad. The tan 3 — log f curve for this grade 
is shown in Fig. 1. 
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CHEMISTRY 


Explosion of Transition Metal 
Co-ordination Compounds 


In a recent discussion on the initiation and growth 
of explosion in solids, Eggert’ and McAuslan* reported 
on the initiation of explosions by light. Evidence 
was presented for the photochemical and/or photo- 
thermic effects in various nitrides, azides, acetylides 
and perchlorates. ; 

During an investigation of the photochemical 
reaction of some transition metal complexes’, the 
compounds [Co(en);], (S,0,)3 and [Cr(en)s]s (S20g)s 
were prepared as part of a programme to discover 
possible photosensitive systems among the solid 
co-ordination compounds of the transition elements. 
Quite accidentally, it was observed that the chromium 
compound produced an explosion, accompanied by 
the formation of a copious ash, when ignited by 6 
flame. A systematic examination of this phenomenon 
showed that the explosion could also be initiated by 
exposing the compounds to ultra-violet radiation 
(3650 A.) followed by heating. The chromium com- 
pound exploded at 115°C. and the cobalt compound 
at 120°C. 
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While attempting to deduce the mechanism of the 
photosensitivity of these compounds brought about 
by ultra-violet radiation and heat, a severe explosion 
occurred as the chromium compcund was being 
irradiated, and perhaps overheated, in a Vycor tube 
attached to the mass spectrometer. Further investiga- 
tion showed that the controlled thermal decom- 
position following ultra-violet radiation resulted in 
the oxidation of the ligand with the evolution of 
nitrogen, carbon dioxide and water vapour. 

This work was done at the University of Con- 
necticut, Storrs, Connecticut. 
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General Motors Research Laboratories, 
Box 188, North End Station, 
Detroit 2. 
Oct. 31. 
iEggert, J., Proc. Roy. Soc., A, 246, 240 (1958). 
*McAuslan, J. H. L., Proc. Roy. Soc., A, 246, 248 (1958). 
‘Beacom, 8. E., Diss. Abst., 15, 31 (1955). 


Sealing of Aluminium Oxide Anodic 
Films 


THE formation of boehmite on the surface of 
anodized aluminium by immersion in boiling water 
has been investigated by Hartt. In particular, 
studying ammonium borate anodic films on alum- 
intum, he found by electron diffraction that the 
pseudo-amorphous structure of the surface layer was 
converted to boehmite, but that this change did not 
occur when the detached film was immersed in boiling 
water. Hart therefore suggested that the mechanism 
of the process was an outward movement of alum- 
inium ions from the metal, passing through the oxide 
layer, and combining with hydroxyl ions to form 
boehmite in the pores of the existing oxide layer and 
on the outer surface. 

Similar experimental results were also reported by 
Kerr’, again after an electron-diffraction study of 
ammonium borate anodized films, when it was con- 
cluded that boehmite was formed only in the presence 
of metallic aluminium. Spooner*, however, making 
an eélectron-diffraction study of sulphuric acid anodic 
coatings, found that conversion of the aluminium 
oxide layer to boehmite occurred in films attached to, 
and detached from, their aluminium bases, which 
confirmed that in this case the process was one of 
hydration of the existing oxide and did not require 
the presence of metallic aluminium. 

It may therefore be of interest to report that 
working with boric acid anodic coatings we also found 
that conversion to boehmite occurs in films, detached 
from their aluminium bases, when sealed in boiling 
water. 

Aluminium foil (99-99 per cent) of 0-012 mm. 
thickness was anodized at 550 V. in boric acid solu- 
tion. After sealing by immersion in boiling water, 
the anodic film was stripped from the metal using 
saturated mercuric chloride solution and washed in 
distilled water. The resulting film was too thick to 
allow an electron diffraction transmission pattern to 
be obtained ; but it was found that an outer layer, 
~ 100 A. in thickness, could be obtained by evap- 
crating a thin coating of aluminium on to the sealed 
film while still attached to the foil, and freeing this 
with a chromic-phosphoric acid solution‘. An 
electron diffraction transmission pattern of this 
exeeedingly thin aluminium-supported layer showed 

presence of boehmite, the reflexions being com- 
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pared and found to be in good agreement with 
published results‘. 

An X-ray powder diffraction pattern of the whole 
film as separated by mercuric chloride, which was 
carefully wrapped on to a glass fibre, showed a pre- 
dominantly y-alumina composition with evidence of 
only a small amount of boehmite present. In a 
further study the film was removed from an anodized 
but unsealed foil, using the mercuric chloride tech- 
nique, and boiled in distilled water for 20 min. An 
X-ray powder specimen was prepared as before, and 
the resultant diffraction pattern again showed the 
presence of boehmite and y-alumina. In this case, 
however, a study of the relative intensities of the 
X-ray reflexions showed that an appreciable amount 
of y-alumina had been converted to boehmite. This 
suggested that the greater surface area of the de- 
tached film had contributed significantly to the 
extent of hydration. 

These results show that water-sealing of boric acid 
anodic films is. a hydration process and occurs 
independently of the presence of metallic aluminium. 


R. M. HinpE 
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Electrode Potentials and Compound 
Formation in the Palladium-Platinum- 
Hydrogen System 


ELECTRODE potentials and electrical resistances 
of palladium wires alloyed with 5, 10, 20 and 25 
per cent platinum have been measured while they 
absorbed hydrogen (dissolved under a pressure of 
1 atm.) from aqueous solutions of 2 N sulphuric acid. 
Apparatus and techniques were similar to those 
previously employed. The wires were 0-027 cm. in 
diameter and were prepared by directly alloying the 
metals. The measurements reported were made on 
15-cm. lengths of wire in the cold-drawn condition, 
which were preactivated by discharging oxygen at 
their surfaces by electrolysis?.*. Potentials differing 
from zero were positive with respect to a platinum 
hydrogen electrode in the same solution. 

Selected experiments using the method of vacuum 
outgassing!.? indicated that the relative resistance 
(R/R,) of the alloys was proportional to the hydrogen 
content, as has been established in detail for the 
palladium—hydrogen system‘. Plots of R/R, against 
electrode potential for the alloys with 5, 10 and 20 
per cent platinum revealed that they behaved like 
palladium, showing the general relationship illustrated 
by I in Fig. la, although with increasing platinum 
content the step BC showed increasing departure 
from the horizontal with respect to the R/R»y axis. 
The behaviour of the 25 per cent platinum alloy is 
shown by II in Fig. la. As was found for the pallad- 
ium-hydrogen system, the equilibrium potential 
(D in Fig. 1a) is zero with respect to the platinum- 
hydrogen electrode. 
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The electrode potentials can be related to the 
change in free energy A F for the reaction : 


aH :yPt:zPd + 4H, = (@ + IH: yPt: zPd 


where x, y, and z represent numbers of atoms. Using 
the relation AF =-n¥E and the experimental 
value of HZ, namely, 46-8 + 0-5 mV., found for point 
B (Fig. 1a) in the palladium—hydrogen system at 
30° C., AF for the formation of an idealized com- 
pound PdH,., is — 2,158 + 24 cal./mole of hydrogen, 
between the limits PdH, and PdH,,,.,, where 
PdH, represents the composition at B (that is, the 
maximum solid solubility of hydrogen in palladium). 
This compares with AF = — 2,306 + 12 cal./mole 
of hydrogen which has recently been determined from 
gas-phase isothermal measurements®. The change in 
free energy associated with the formation of non- 
stoichiometric palladium—platinum-hydrogen com- 
pounds is also identified with the electrode potential 
represented by B (Fig. la) for each palladium— 
platinum alloy. (The definition of this point was 
subject to an uncertainty of + 2 mV. in the case of 
the 20 and 25 per cent platinum alloys.) Fig. 1b 
shows these free energies of formation per mole of 
hydrogen, at 25° C., plotted against the platinum 
content of the alloys. 

It has been suggested from previous evidence that 
a, two-phase region analogous to that of the palladium— 
hydrogen system would not be formed by the absorp- 
tion of hydrogen in palladium—platinum alloys with 
more than 5 per cent platinum. However, it is 
indicated by Fig. 1b that a two-phase region may 
occur in palladium-platinum alloys with less than 
25 + 2 per cent platinum. 
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Hydrogen dissolved in alloys with more than 25 + 
2 per cent platinum should be present only as a 
primary solid solution and appreciable solubility of 
hydrogen has been reported in palladium—platinum 
alloys containing 25-35 per cent platinum’.’. The 
gross dimensional changes of palladium foils which 
occur when they are repeatedly saturated with 
hydrogen® are possibly associated with the formation 
ard collapse of the non-stoichiometric 8-phase pallad- 
ium hydride. Palladium—platinum alloys containing 
about 30 per cent platinum may therefore have 
advantages over pure palladium as diffusion mem- 
branes for hydrogen. 
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Ferrous and Ferric Complexes with Pyridine 
2-Aldoxime 


PyRIDINE 2-ALDOxIME forms well-defined coloured 
complexes with ferrous and with ferric ions in 
aqueous solution. The ferrous complex is violet-red 
in alkaline solution (with an absorption maximum 
at 530 my), reddish-orange in slightly acidic solution 
(with a maximum at 515 my), and golden-yellow 
below pH 3 (with a maximum at 475 muy). The 
ferric complex is reddish-brown in alkaline, neutral 
and slightly acidic solution (with no absorp- 
tion maxima in the visible), and yellow in more 
acidic solution. All the colour changes are 
reversible. 

If this compound had the syn configuration (see 
Fig. 1), then these colour changes are most probably 
the result of ionization of the OH group. On the 
other hand, if the molecules are in the antz form, then 
the iron atom in the complex could only be bonded 
to nitrogen and oxygen, as can easily be verified by 
examination of atomic models. In the latter case 
the colour changes will have to be attributed to 
ionization on the basic unbonded nitrogen of the 
oxime. 


( jx 
| 
a OH aan, °4 
he N y, \nN/7 N A \ 
- 
HO 
(syn) (anti) 


Fig. 1 


Recently, Krause and Busch! prepared some nickel 
(II) complexes of this ligand. Drawing the analogy 
between their system and the corresponding ones with 
a-«’-dipyridyl and with dimethylglyoxime, they 
assumed that the nickel atom was bonded to two 
nitrogen atoms in the nickel complexes of pyridine 
2-aldoxime. It would seem likely that the ferrous 
and ferric complexes of pyridine 2-aldoxime also 
involve bonding of the metal atom to two nitrogen 
atoms. This view is supported by the following 
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Fig. 2. Absorption spectra of 4:0 x 10-* M pyridine 2-aldoxime 
showing three distinct and reversible species: (1) PAOH in 
water, absorption maxima at 238 and 277 mu; (2) HPAOH at 
pH 2, maxima at 238 and 294 my; (3) PAO at pH 12, maximum 
at 289 mu. Curves 1 and 2 have isosbestics at 218 and 279 my, 
and relate to the tonizaticn with pK ~ 3. Curves 1 and 3 have 
anisosbestic at 253 my, and relate to the ionization with pK ~ 10 


evidence: (1) a number of ferrous complexes with 
oximes, where bonding to two nitrogen atoms has 
been established, have similar colours*.* ; (2) struc- 
tures of the iron(II) - pyridine 2-aldoxime complex 
made with Courtauld atomic models show that there 
is considerably less strain in the molecule when the 
iron is bonded to the syn form; (3) the infra-red 
spectrum of pyridine 2-aldoxime in chloroform shows 
a sharp band at 2-77u which is characteristic of a 
free OH group; this favours the syn configuration 
rather than the anti, since in the latter structure the 
0H would most probably be involved in intramole- 
cular hydrogen bonding with the pyridine nitrogen 
atom. 

Pyridine 2-aldoxime shows two series of reversible 
spectral changes (Fig. 2) corresponding to two acid 
ionizations, one with pK ~ 3-2 at 25°, which is 
probably associated with the pyridine nitrogen, and 
the other with pK ~ 10-2, which is probably the 
ionization of the oxime OH. The normal acid pK 
value for pyridine nitrogen is 5-3, shifting to 5-8-6 -0 
i some pyridine-2-derivatives‘ ; and for oxime OH 
the pK is* 12-5-13-0 ; in the present case conjugation 
could account for the increased acid strength of both 
groups. 

Using the method of continuous variation, the 
composition of the ferrous complex was found to be 
3 moles of ligand to 1 mole ferrous ion. This result 
was confirmed by measurements of changes of 
hydrogen ion concentrations accompanying the 
formation of the complex at different pH values, as 
well as by the constancy of the equilibrium constant 
for the formation of the complex calculated on this 
basis, At 25° these values are of the order of 10" at 
PH 6, 10" at pH 5, and 10* at pH 4. 

In order to account for the reversible colour changes, 
4&8 well as the marked changes in the observed 
equilibrium constant with pH, we propose the 
following set of equilibria : 





Fe’+ + 3PAOH = Fo(PAOH),*+ (K) 
Fe(PAOH),?+ = Fe(PAO),H,+ + Ht (K,) 
Fe(PAO);H,+ = Fe(PAO),H® + H+ (K;) 
Fe(PAO);H° = Fe(PAO),? + H+  (K;) 


A preliminary spectrophotometric study of these 
equilibria indicated that pK, ~ 7-0 and pK, ~ 3. It 
was not possible to determine pK, since the complex 
dissociates in more acidic solutions. However, the 
charges on these ions were substantiated by their 
behaviour on paper electrophoresis, and by measure- 
ments of changes of hydrogen ion concentration 
accompanying the formation reaction (in unbuffered 
solutions). 

The corresponding ferric complex of pyridine 
2-aldoxime is reddish brown over a wide pH range. 
Only one reversible colour change, to orange, could 
be observed, corresponding to pK ~ 2. This most 
probably corresponds to pK, of the ferrous complex, 
the other ionizations being those of strong conjugate 
acids. The shift in pK, from the ferrous to the 
ferric complex is of the same order of magnitude as 
that observed for the first ionization of hydrated 
ferrous and ferirc ions*:?. On the other hand, the 
shift of pK for the OH group in free pyridine 2- 
aldoxime and its ferrous complex, respectively, is 
unexpectedly large, considering that the types of 
charge are the same in both the ionization of the free 
ligand and the third ionization of the ferrous complex. 
The shift, which is clearly the result of co-ordination 
of the ligand to the metal atom, shows the extent 
to which co-ordination can influence adjacent ioniz- 
able groups. In this case, the interaction between 
the metal and the ionizing group is substantially 
increased through conjugation of the type shown in 
Fig. 3; in other cases, different types of interaction 
would be expected to produce different shifts in pK 
values. 


These results may well be of significance in the 
interpretation of data obtained for all systems where 
there are linked effects between the metal ion and 
the ionizing side-groups of the ligand, such as occurs 
in hemoproteins. Studies of this nature help in 
placing limits on the magnitudes of pK changes for 
ionizing groups which might be expected on account 
of the difference between their structural environment 
in the free ligand—where there are no linked effects— 
and in co-ordination complexes, where specific 
interaction with the metal ion can occur. 

A more detailed study of the kinetics and thermo- 
dynamics of this system is being carried out. It is 
also hoped to extend this work to include systems 
incorporating other ionizable side-groups as well as 
other types of interaction. 

We wish to thank Profs. A. Day and P. George 
for their co-operation. This work has been carried 
out as part of a programme supported by grants 
from the United States Public Health Service 
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Mechanism of Formation of Anthocyanidins 
from Leucoanthocyani(di)ns 


Basep mainly on suggestions made earlier by 
Robinson and Robinson! for their hypothetical leuco- 
anthocyanin (flavan-2.3.4-triol), the conversion of 
flavan-3.4-diols (I) into anthocyanidins by similar 
mechanism has been discussed by Bate-Smith*, Bauer, 
Birch and Hillis? and by King and Clark-Lewis‘. 
The reaction, induced by hydrochloric acid, was 
regarded as a dehydration of the 3.4-diol group on 
the heterocyclic ring (loss of hydroxyl at 4 and 
hydrogen at 3), followed by oxidation®-‘ or by dis- 
proportionation®.‘. 

Hitherto leucoanthocyanins of unknown structure 
and also flavan-3.4-diols were conveniently treated 
with aqueous 2 N hydrochloric acid, with aqueous 3 N 
hydrochloric acid/propan-2-0l (1:5) under pressure® 
or with hydrochloric acid butan-1-ol‘.? mixtures at 
100° C. In most cases the reaction was characterized 
by low yields of anthocyanidins formed. Logically, 
if it is correctly surmised that the initial reaction 
constitutes a dehydration'-* at the diol grouping, 
the formation of anthocyanidins should be promoted 
by anhydrous conditions. This theory has now 
apparently found support in the observation that 
exclusion of moisture from the reaction mixture 
effects an increase in the yield of anthocyanidins 
formed. 

For example,  7.3’.4’.5’-tetrahydroxyflavan-3.4- 
diol* is converted into anthocyanidins in approx- 
mately 37-42 per cent yield by using anyhdrous 
N/30 — N/50 hydrochloric acid in propan-2-ol in 
an enclosed tube under pressure. By comparison, 
this flavan-3.4-diol (lewcorobinetinidin) is converted 
into robinetinidin only, in 3 per cent yield in 3 N 
hydrochloric acid and 20 per cent yield*® with 3 N 
hydrochloric acid/propan-2-0l under the conditions 
of Pigman et al. Under anhydrous conditions the 
reaction is also far more rapid, and maximum yields 
of anthocyanidins result in 15-20 min. compared 
with 40 min. under previous conditions*. Other 
flavan-3.4-diols of type I behave similarly. 

Under the new anhydrous conditions two antho- 
cyanidins of similar coloration but with different 
rates of migration on paper chromatograms are 
generated from each flavan-3.4-diol. In all instances 
examined the anthocyanidin of lower Rp corresponds 
to that (IT) generated under aqueous conditions, 
and the anthocyanidin of higher Ry is probably the 
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corresponding 3-isopropyl ether derivative III (or 
possibly a 4-i‘sopropyl ether of a new type of antho- 
cyanidin). Ether formation with the 3 (or possibly 
the 4) position of the flavan-3.4-diol occurs prior to 
conversion into the corresponding anthocyanidin, 
and is promoted by anhydrous conditions established 
for the reaction. In the presence of 20 per cent 
moisture® the formation of the ether (III) is almost, 
but not entirely, inhibited, and mainly one antho- 
cyanidin (IT) results. 

Pigman et al.6 in 1953 first demonstrated the 
presence of leucoanthocyanins in some commercial 
tanning extracts, for example, wattle (Acacia 
mollissima), quebracho (Schinopsis spp.) and man- 
grove (Rhizophoraspp.), and the new method represents 
a modification of their improved conditions. The 
tannins present in these extracts may be converted 
into anthocyanidins in 5-9 per cent, 13-21 per cent 
(S. quebracho-colorado) and 16-5 per cent (R. mucro- 
nata) yields respectively (cf. ref. 7). Details of a 
study of the reaction conditions, the reaction mech- 
anism, and implications for the chemistry of con- 
densed tannins will be published elsewhere. 


Davin G. Roux 
M. C. Brn. 


Leather Industries Research Institute, 
Rhodes University, 
Grahamstown, 

South Africa. 

Sept. 30. 


1 Robinson, G. M., and Robinson, R., Biochem. J., 27, 206 (1933). 

* Bate-Smith, E. C., J. Exp. Bot., 4, 1 (1953). 

* Bauer, L., Birch, A. J., and Hillis, W. E., Chem. and Indust., 448 

‘ King FE. and Clark-Lewis, J. W., J. Chem. Soc., 3384 (1955). 

5 Bate-Smith, E. C., Biochem. J., 58, 122 (1954). 

* Pigman, W., Anderson, E., Fischer, R., Buchanan, M. A., and 
Browning, B. L., TAPPI, 36, 4 (1953). 

? Hillis, W. E., and Urbach, G., Nature, 182, 657 (1958). S 

* Freudenberg, K., and Roux, D. G., Naturwiss., 41, 450 (1954). 

Roux, D. G., and Freudenberg, K., Liebigs Ann., 618, 56 (1994). 











Dep 


Liver 
1 Fior 
*Pan 
*Ryd 
‘Bed: 
*Ren 


In 
filter 
com} 
to n 
weigl 
Table 


Typ 
| Cel 
| Very 

I 
| ‘Uh 


a 





ho- 


bly 


in, 
1ed, 
ant 
st, 


ho- 


the 
sial 
cia 


nts 
‘he 
ted 
ent 
0+ 
f a 
ch- 
on- 


54). 
D4). 








wo. sess January 3, 1959 


Detection of Meprobamate on Paper 
Chromatograms 


Ix a recent communication, Drs. A. Fiori and 
M. Marigo! described the identification of mepro- 
bamate by adsorption chromatography on chromato- 
plates. Their method is both complex and laborious 
compared with the technique of paper chromato- 

phy, but was advocated because meprobamate 
appeared to be insoluble in water and because there 
were no available methods for detecting it on paper. 

Paper chromatography can, however, be used in 
the identification of this substance. Meprobamate is 
slightly soluble in water, and we have found that it 
may be detected on paper chromatograms by the 
hypochlorite modification? of the chlorination method 
first described by H. N. Rydon and P. W. G. Smith. 
The paper is sprayed when dry, first with 1 per cent 
sodium hypochlorite, then with ethanol. and finally 
with a mixture of equal volumes of 1 per cent starch 
and M/20 potassium iodide. 

This method has been used for identifying mepro- 
bamate in the urine of a patient in coma, in whom 
the diagnosis had previously been in doubt. A report 
of this case, with details of the chemical methods by 
which the diagnosis was established, is being pub- 
lished elsewhere*. In this context, it is of interest 
that the chlorination method, which has numerous 
applications, has recently been used to detect 
barbiturates on paper chromatograms’. 

H. 3. Brpson* 
The Medical Unit, 
London Hospital, E.1. 
T. H. Farmer 
Department of Experimental Biochemistry, 
London Hospital Medical College, 
London, E.1l. Oct. 31. 


* Present address: Department of Bacteriology, The University, 
Liverpool 3. 
1Fiori, A., and Marigo, M., Nature, 182, 943 (1958). 
*Pan, 8. C., and Dutcher, J. D., Anal. Chem., 28, 836 (1956). 
‘Rydon, H. N., and Smith, P. W. G., Nature, 169, 922 (1952). 
‘Bedson, H. S., Lancet (in the press). 
*Rentsch, G., Naturwiss., 45, 314 (1958), 


BIOCHEMISTRY and PHYSIOLOGY 


Cellulose Acetate Membranes suitable 
for Osmotic Measurements 
Iy a recent paper’ it has been shown that ‘Ultrafein 
filters allerfeinst’, which the manufacturers state are 
composed of an unnamed cellulose ester, can be used 
to measure quite low number average molecular 
weights (M,). We have now found that membranes 
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having similar osmotic properties can, in fact, be 
prepared from cellulose acetate. 

The membranes are prepared by casting acetone 
solutions of cellulose acetate, containing n-amyl 
alcohol as precipitant*, and allowing them to evap- 
orate until nearly dry. The actual conditions for 
carrying out this operation appear to be rather 
critical, and so far a procedure giving absolutely 
reproducible membranes has not been evolved. 
However, by using the following method, membranes 
which show similar variations in osmotic properties 
to those found with the ‘Ultrafein filters allerfeinst’ 
can be prepared. 

The following solution is made up: 5 per cent 
(w/w) cellulose acetate; 5 per cent (w/w) n-amyl 
alcohol ; 90 per cent (w/w) acetone, and a volume 
containing enough cellulose acetate to give a ‘mem- 
brane density’ (that is, weight per unit area) of 
0-005 gm./cm.? is poured into a level glass dish and 
allowed to evaporate at room temperature in a 
cabinet free from draughts. As the membrane dries 
out, the surface first of all looks like orange peel 
and then goes opaque. For osmotic purposes the 
structure is fixed just before the membrane becomes 
opaque by pouring on ethanol. In a typical mem- 
brane, when the ethanol is poured on, three distinct 
zones appear: (1) a clear zone; (2) a white zone; 
(3) @ white zone with dark spots. The effective part 
of the membrane is the white portion, since the clear 
areas (opaque before the addition of ethanol) have 
dried sut too much and are usually impermeable, 
while she dark spots indicate pinholes which occur 
when the membrane has not dried out enough. The 
membranes are left in ethanol for at least 1 hr. to 
remove any residual amyl alcohol and are then 
conditioned to the required solvent; for example, 
in the case of benzene the membranes are left 
for periods of at least 1 hr. in (a) a 50 ethanol/ 
50 benzene mixture and then (b) benzene. 

The membranes used in the experiments described 
here were assembled in standard Zimm-Myerson 
type osmometers! and characterized by: (a) the 
solvent permeability, as measured by the rate of fall 
of solvent in the measuring capillary from a 10-cm. 
head ; and (b) the solute selectivity as measured by 
the maximum osmotic pressures developed with a 
1 per cent (w/w) solution of a ‘commercial’ poly- 
styrene and/or a 0-025 per cent (w/v) solution of 
sucrose octaacetate (molecular weight 679). 

In Table 1 results with typical and very selective 
membranes of both cellulose acetate and ‘Ultrafein 
filters allerfeinst’ are shown. It will be seen that the 
cellulose acetate membranes compare very favour- 
ably with the ‘Ultrafein filters allerfeinst’, having 
similar solute selectivities combined with slightly 


Table 1. COMPARISON OF ‘ULTRAFEIN FILTERS ALLERFEINST’ AND CELLULOSE ACETATE MEMBRANES; BENZENE SOLUTIONS AT 30°C. 




















Membrane | Permeability Selectivity 
| Fall from 1-0 per cent (w/w) commercial P.S. 0-025 per cent (w/v) sucrose octaacetate* 
Reference 10-2 ead Toi 
Type | No. -om. Rising _ Falling Rising mane. 
| ,of benzene hr Time ly Time r Time V4 ime 
| } (em./5 min.) | (em.) (hr.) (em.) —(hr.) (cm.) (hr.) (cm.) (hr.) 
Typical membranes | 
‘Ultrafein filter UFF/AF 
allerfeinst’ 257/2 0-22 8-95 23 8°81 46 0-34 47 _ - 
Cellulose acetate CA2/58 0-81 8-61 16-5 8°65 4 — — co —_ 
| Very selective 
membranes | 
‘Ultrafein filter UFF/AF | 
allerfeinst’ 1257/2 | 0-062 — — — — 5-30 48°5 5°23 30 
Cellulose acetate CA1/68 0-175 11°15 43 — a 5:11 30 5°44 65 
































*Rineor. = 10°86 cm. 
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Table 2, DETERMINATION OF Win or aw Ionic POLYSTYRENE USING 
CELLULOSE ACETATE eS, Gama: BENZENE SOLUTIONS AT 











Equilibrium osmotic pressures 
Concentration Number aver- 
Cc Bites Falling np |28e molecular | 
per cent he Time] ly me (cem.) weight | 
(w/v) (cm.) (hr.) | (cm.) (hr.) “ Mn | 
0-106 764 40 7°54 31 7°64 
0-080 6-15 50 6-33 | 112-5] 6-24 
0-060 456 49 4-59 28 4°57 3,800+200 | 
0-040 3:39 89 3°36 44°5/| 3-38 | 
0020 160 70 1-54 50 1-60 
| 




















higher solvent permeabilities. The very selective 
membranes can be used for determining quite low 
molecular weights and in Table 2 are shown the 
results obtained using membrane CA3/4 with an 
ionic polystyrene having M, = 3,800. Unfortu- 
nately, while it is comparatively easy to make mem- 
branes such as CA2/58, only a few membranes like 
CA1/68 and CA3/4 have so far been prepared. In 
these experiments benzene was used as solvent, but 
successful osmotic measurements have also been 
made in toluene and water. 

The cellulose acetate used in the experiments was 
obtained from the British Drug Houses, Ltd. 

I wish to thank Miss S. A. Monksfield and Miss 
H. M. Sankey for assistance with the experimental 
work. This work forms part of the research pro- 
gramme of the National Chemical Laboratory and 
is published by permission of the Director. 

M. F. VaucHan 
Department of Scientific and Industrial Research, 
National Chemical Laboratory, 
Teddington, Middlesex. 
1 Vaughan, M. F., J. Polymer Sci. (in the press). 
* Elford, W. J., Trans. Farad. Soc., 38, 1094 (1937). 


Liquid/Solid Content of Fats 


THE consistency of margarine and other commercial 
fats depends to a large extent on the relative amounts 
of liquid and solid fats present. The usual method 
for determining these values is by dilatation measure- 
ments and the dilatometer is used fairly considerably 
for this work. There are, however, certain inherent 
errors in this type of measurement. It is stated that 
the calculation of liquid/solid content from dilato- 
metric data is either not possible with any degree of 
accuracy or even that it is impossible* with complex 
mixtures of glycerides. This arises from the fact 
that a prior knowledge of the glycerides present is 
required and that mathematical adjustment is needed 
to take account of the differert melting dilatations. 
Such prior knowledge is not always available. 

We have recently found that the use of low- 
resolution nuclear magnetic resonance spectroscopy 
provides a new means for such determinations which 
eliminates many of the inherent errors of the dilata- 
tion method. In effect, use is made of the inherent 
disparity in the nuclear magnetic line-widths observed 
with liquids and solids. It is known that the shape 
of the hydrogen resonance line is influenced by the 
chemical and physical state of the sample and that 
the width is related to the mobility of the compound 
containing the hydrogen and to the field homogeneity. 
With solids the line-width is of the order of several 
gauss, while with liquids the line-width is very 
narrow and is determined by the inhomogeneity of 
the applied magnetic field’. 
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An example of the method adopted is illustrated 
by the determination of the liquid content of simple 
mixtures of known amounts of tristearin and triolein 
(tristearin does not form a solid solution in the 
triolein phase). A bridged-T nuclear magnetic 
resonance spectrometer was used‘. The magnetic 
field was modulated at a sinusoidal frequency of 
about 40 c./s. with a magnitude of about 30 milli- 
gauss, peak to peak. The line-width was determined 
by the inhomogeneity of the magnetic field and was 
about 100 milligauss at half-height. Under these 
conditions the derivative curve shows no signal due 
to the broad band of the solid, and a measure of the 
peak-to-peak height of the recorded derivative curve 
is a direct measure of the amount of liquid present. 
By comparing the peak-height for any of the mixtures 
with that for 100 per cent liquid, the liquid content 
can therefore be determined. Typical results are 
shown in Table 1. Similar work has also been 
carried out with other fat mixtures. 











Table 1 
] 
Known pone. a of | Average percentage 
liquid glyceride found 
75-1 74-0 
50-2 51-2 
25-1 25-4 














The new technique has the following advantages : 

(a) Fats or mixtures may be examined in the state 
in which they are received, that is, without altering 
the structure by melting or crystallization. 

(b) The results are independent of the particular 
composition of the fat, that is, no prior knowledge 
of the glycerides present is required. 

(c) The results are independent of the polymorphic 
form of the solid present. 

A full account of this work will be reported else- 
where. 

D. CHarMaNn 
Research Department, 
Unilever, Ltd., 


Port Sunlight. 
R. E. Ricuarps 
R. W. YorKE 
Physical Chemistry Laboratory, 
Oxford. 
Oct. 23. 


? Bailey, A. E., “Melting and Solidification of Fats” (Interscience 
Pub., New York, 1950). 

* Craig, M. B., Lundberg, W. D., and Geddes, W. F., J. Amer. 0 
Chem. Soc., 29, 128 (1952). 

* Andrew, E. R., “Nuclear Magnetic Resonance” (Cambridge Univ. 
Press, 1955). 

‘ Richards, R. E., and Smith, J. A. 8., Trans. Farad. Soc., 47, 1261 
(1951). Pratt, L., and Richards, R. E., ibid., 49, 744 (1953). 


Determination of Galactosediethylmercaptal 
and 3,6 Anhydrogalactosediethylmercaptal 
with the Anthrone and Seliwanoff Reagents 


Som pure 3,6 anhydro-t-galactose was required 
as standard to determine the concentration of this 
sugar in several algal polysaccharides. Efforts to 
prepare it in a crystalline form were unsuccessful. 
Therefore the standard solution was made up from 
the 3,6 anhydro-t-galactosediethylmercaptal. Un- 
fortunately the ethylmercaptan liberated on acid 
hydrolysis of the mercaptal interfered with colour 
formation in the anthrone and Seliwanoff tests. 
A similar interference was obtained with the diphenyl- 
amine reagent’. A method was developed to obtain 
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from 3,6 anhydro-L-galactosediethylmercaptal, in 
quantitative yield, a solution of 3,6 anhydro-z- 
galactose free of ethylmercaptan. The object of this 
communication is to describe the method whereby 
sugar mercaptals can be analysed with colorimetric 
sugar reagents. 

The galactose diethylmercaptal was prepared by 
Wolfrom’s method? and 3,6 anhydro-L-galactose- 
diethylmercaptal was obtained from the mercapto- 
lysis of agar*. Anthrone reagent was dissolved in 
80 per cent v/v sulphuric acid. 2 ml. of sugar were 
added to 10 ml. of anthrone reagent, mixed in an 
ice-bath and heated for 20 min. at 80°C. The con- 
ditions were optimum for the simultaneous determina- 
tio of galactose and 3,6 anhydro-t-galactose in 

The conditions for the Seliwanoff test were 
those of Roe’. 

Solutions of galactose diethylmercaptal (159 ygm./ 
2 ml. water) and 3,6 anhydro-t-galactosediethyl- 
mercaptal (82-7 yr:./2 ml. water) were analysed with 
anthrone and Se: «anoff reagents. The optical dens- 
ities with the ani cone reagent of the two mercaptals 
were, respectively, 10 per cent and 98 per cent less 
than those of equimolar quantities of galactose and 
3,6 anhydro-x-galactose (Table 1). With the Seli- 
wanoff reagent the optical density of 3,6 anhydro-L- 
galactosediethylmercaptal was 6 per cent less than 
that of 3,6 anhydro-L-galactose. 


Table 1. OPTICAL DENSITIES OF MERCAPTALS AND SUGAR RESIDUES 





Concen-| Anthrone | Seliwanoff 





| Sugar tration | reagent reagent 
| (vgm.) | 625 mu 520 my 
| Galactose 100 0-400 0-015 
| Galactose from galactose 
diethylmercaptal* 100 0-395 — 
Galactose diethylmercaptal 159 0-360 a 


| 3,6 Anhydro-L-galactose from 














3,6 anhydro-L-galactose- hay Fld 
diethylmercaptal 50 0-410 0-425 
| 8,6 Anhydro-L-galactose 
| diethylmercaptal 82-7 0-010 0-400 





*ugm. of sugar obtained in demercaptolysis with 10 moles mercuric 
chloride at 50° C. for 1 hr. 

In the colorimetric tests the hydrolysis of the 
mercaptals in hot acids involves removal of the 
ethylmercaptan and formation of the colour complex 
with the decomposition products of the sugar residues. 
The results showed that the formation of colour in 
the anthrone reaction was inhibited by traces of 
ethylmercaptan. Therefore the optical density 
obtained with the anthrone reagent was used as an 
index to determine the rate and degree of demer- 
captolysis, 

The following method was used for the demercapto- 
lysis of the sugar mercaptals. 5 ml. of a stock solution 
which contained 794-5 ygm. of galactose diethyl- 
mereaptal per ml. or 413-5 ugm. of 3,6 anhydro-L- 
galactosediethylmercaptal per ml., a microspatula 
scoop of cadmium carbonate and 10 moles of mercuric 
thloride/mole of sugar were added to a 50-ml. 
volumetric flask. The mixture was heated for 4 hr. 
at 50° C., diluted to volume and then passed through 
a sintered glass filter to remove the mercury mer- 
captide. 

The conditions reported in the literature for the 
demercaptolysis of 3,6 anhydro-x-galactosediethyl- 
mereaptal require 1-75 moles of mercuric chloride/ 
mole of sugar, heated for 5 hr. at 50°C., yield not 
Teported*, and 2 moles of mercuric chloride/mole of 
sugar held for 3 hr. at room temperature with a 
56 per éent yield*. The results in Tables 2 and 3 

wed that at least 4 moles of mercuric chloride 





Table 2. E¥FECT OF MERCURIC CHLORIDE ON THE DEMERCAPTOLYSIS 
OF 3,6 ANHYDRO-L-GALACTOSEDIETHYLMERCAPTAL* 





Mercuric chloride (moles) | 2 3 4 10 100 
D. anthrone reagent | 0-862 0-390 0-405 0-408 0-405 














* Reaction for 1 hr. at 50° C. 50 ugm. of 3,6 anhydro-L-galactose. 


Table 3. RATE OF DEMEROAPTOLYSIS OF 3,6 ANHYDRO-L-GALAOTOSE- 














DIETHYLMERCAPTAL* 
Time in hr. 30 min. 
at 50°C. } 1 12 | at 25°C. 
D. anthrone reagent | 0-405 | 0-408 | 0-410 | 0-350 











* Reaction 10 moles of mercuric chloride/mole of sugar 50 ugm. of 
3,6 anhydro-L-galactose. 


were required to obtain complete removal of the 
ethyl mercaptan. When galactose diethylmercaptal 
and 3,6 anhydro-L-galactosediethylmercaptal were 
treated with 10 moles mercuric chloride for } hr. at 
50° C. a quantitative yield of galactose and maximum 
colour formation with 3,6 anhydro-L-galactose was 
obtained. A large excess of mercuric chloride, 100 
moles, had no effect on the optical density of solutions 
of galactose, fructose and 3,6 anhydro-L-galactose 
with the anthrone and Seliwanoff reagents. 

In summary, a method has been developed to use 
colorimetric sugar reagents for the analysis of mer- 
captals. The sensitivity of the anthrone reaction toa 
ethylmercaptan provided a simple index to determine 
conditions for complete demercaptolysis of sugar. 
mercaptals. 

I wish to acknowledge the assistance of the late 
Dr. A. N. O’Neill in the preparation of the mercaptals, 

W. YarueE 

Atlantic Regional Laboratory, 

National Research Council, 

Halifax, Nova Scotia. 
Oct. 10. 

1 Pirie, N. W., Brit. J. Exp. Path., 17, 269 (1936). 
* Wolfrom, M., J. Amer. Chem. Soc., 52, 2466 (1930). 
* Araki, C., and Hirase, S., J. Chem. Soc. Japan, 26, 463 (1953). 
“Yaphe, W., Bact. Proc., 26 (1958). 
* Roe, J. H., Epstein, J. H., and Goldstein, N. P., J. Biol. Chem. 

178, 839 (1949). “ 
* O'Neill, A. N., J. Amer. Chem. Soc., 77, 2887 (1955). 


Oxidative Phosphorylation in the Chick 
Embryo 


SynrueEsis of high-energy phosphate bonds was. 
measured by the estimation of phosphorus : oxygen. 
ratios. The materials used were 7-9 day old chick 
embryos of a hybrid White Leghorn 9 x New- 
Hampshire Red 3. Except for the step isocitrate > 
succinate, the estimations were done on the mito- 
chondrial fraction, prepared according to the method. 
of Hogeboom and Schneider’. Oxygen consumption 
was measured by the Warburg technique, using. 
0-1 M phosphate buffer at pH 7-4 with the addition 
of adequate co-factors and substrates*. Phosphorus. 
estimations were carried out according to the method. 
of Lowry and Lopez’. 

Table 1 summarizes our results. Steps, pyruvate —. 
acetyl coenzyme A, and malate — oxalacetate show. 
3-0 as probable ratios in the cell, whereas phosphorus : 
oxygen ratios of 2-0 are characteristic of the remaining. 
steps. Estimations of the step isocitrate —> succinate. 
on mitochondria, showed a very low ratio, in the. 
majority of cases less than 1-0; the same occurred 
when citrate was used as substrate. On the other. 
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Table 1. PHOSPHORUS : OXYGEN RATIOS OF DIFFERENT STEPS WITHIN 
THE KREBS CYCLE 


(In parenthesis : number of experiments) 





Phosphorus : Oxygen ratio 
Probable in 








Observed intact cell 
Pyruvate — Acetyl coenzyme A 2-1 (15) | 3-0 
isoCitrate — Succinate 2-0 (16)* | 3°0 
Alpha-ketoglutarate — Succinate 1-9 (19) 2-0 
Succinate — Fumarate | 1°8 (16) | 2-0 
Malate — Oxalacetate | 2-6 (13) 3-0 





* Obtained on homogenates 


hand, when homogenates were used, the phosphorus : 
oxygen ratio increased to 2-0 with isocitrate (14 
experiments) and 2-2 with citrate (10 experiments), 
which point to a probable phosphorus : oxygen ratio 
of 3-0 inside the ceil. In this respect the embryonic 
mitochondria behave differently from those of the 
rat liver ; Copenhaver and Lardy‘ showed an estim- 
ated phosphorus ; oxygen ratio 2-6 for citrate. Our 
estimations on the rat liver mitochondria gave an 
average of 2-1 with citrate as substrate. 

Full details of this work will be published elsewhere. 
It was aided by U.S. Public Health Service Grant 
C-2296 (C7). 

Wixtor W. NowInskI 
Wriii1am C. MAanarrey 


Tissue Metabolism Research Laboratory, 
University of Texas Medical Branch, 
Galveston, Texas. 
Oct. 27. 

1 Hogeboom, G. H., ‘““Methods in Enzymology”, edit. by Colowick 

and Kaplan, 1, 16 (Academic Press, New York, 1955). 
* Hunter, F. E., ‘Phosphorus Metabolism”, edit. by McElroy and 

Glass, 1, 297 (1951). 
* Lowry, O. H., and Lopez, J. A., J. Biol. Chem., 162, 421 (1946). 
« Copenhaver, J. H., and Lardy, H. A., J. Biol. Chem., 195, 225 (1952). 


Synthesis of Amylose by Potato D-Enzyme 


THE synthesis of the chain-forming «-1 : 4-bonds 
of potato starch (amylose + amylopectin) has for 
long been ascribed to phosphorylase acting on 
glucose-1-phosphate and a preformed starch-like 
primer’. We now report the synthesis of amylose-like 
material by another enzyme system from potato. 
This synthesis makes use of D-enzyme, discovered in 
1953 by Peat and co-workers*. D-enzyme catalyses 
the reversible disproportionation of maltodextrins, 
the glucose oligosaccharides containing the «-1 : 4- 
linkage. For example, maltotriose is acted on to give, 
as the first products of reaction, glucose and malto- 
pentaose, and at equilibrium glucose and a whole 
series of maltodextrins are present. However, with 
maltotriose as the initial substrate, none of the 
synthetic oligosaccharides is of sufficient length to 
form a coloured complex with iodine. The minimum 
length for colour formation is at least 12 glucose 
units*. Incubation of D-enzyme with a maltodextrin 
and glucose lowers the average length of the polymer 
because of transfer of some of its glucose residues 
to the added glucose. It was realized that a reversal 
of this procedure, the removal of glucose, should 
increase the length of the polymers and might 
ultimately result in the synthesis from a small malto- 
dextrin molecule of an iodine-staining, amylose-like 
polysaccharide. If, in addition to D-enzyme, the 
pctato is equipped with such a glucose-removing 
enzyme system, then it is presumably capable of 
synthesizing amylose by a route other than that 
provided by phosphorylase. A suitable glucose- 
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removing system is hexokinase and adenosine tri. 
phosphate, and hexokinase is known to be in the 
potato‘. This will convert glucose into glucose. 
6-phosphate, and D-enzyme does not transfer chain 
segments from maltodextrins to the sugar phosphate 
as it does to glucose*. The system (maltodextrin + p. 
enzyme + hexokinase + adenosine triphosphate) 
should therefore bring about amylose synthesis 
This has been achieved. 

We have preferred to use yeast hexokinase in the 
present experiments because it can be obtained in 
a better state of purity than the potato enzyme. In 
the first instance D-enzyme was incubated with a 
mixture of maltodextrins (malto-pentaose, -hexaose 
and -heptaose) from which some of the products of 
D-enzyme action alone are long enough to stain with 
iodine*. The same system with added hexokinase 
and adenosine triphosphate produced iodine-staining 
material at more than twice the rate. The experiment 
was repeated with maltotetraose, which with D. 
enzyme alone does not give iodine-staining products. 
Fig. 1 depicts the course of reaction of D-enzyme + 
maltotetraose in the presence and absence of the 
glucose-phosphorylating system. When glucose was 
continuously removed as the 6-phosphate there was 
an abundant production of iodine-staining poly- 
saccharide, and correspondingly adenosine triphos- 
phate disappeared. 
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Fig. 1. Synthesis of amylase from maltotetraose. D-enzyme 
was incubated at 25° C. with hexokinase and maltotetraose in the 
presence and absence of adenosine triphosphate (ATP). The pH 


was maintained at 7:2 by the frequent addition of sodium 
hydroxide 


The suggestion has been made® that the potato may 
use both phosphorylase and D-enzyme to synthesize 
amylose, the product from phosphorylase remaining 
as amylose and from D-enzyme being converted into 
amylopectin by Q-enzyme. Experiments are now in 
progress to demonstrate the working of such a system 
on vitro. 

This work was made possible by grants from the 
Agricultural Research Council, to which we express 
our thanks. We also thank Dr. K. Rees for a gift of 
hexokinase. 

GwEN J. WALKER 
W. J. WHELAN 


Lister Institute of Preventive Medicine, 
London, 8.W.1. 
Oct. 29. 
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Cotinine: an Oxidation Product of Nicotine 
formed by Rabbit Liver 


A major advance in the elucidation of nicotine 
metabolism was the demonstration by McKennis et 
al) that dogs receiving nicotine excreted small 
amounts of -(3-pyridyl)-y-methylaminobutyric acid 
and its lactam, cotinine. These workers favoured the 
view that cotinine was 





formed in urine by 

spontaneous lactamiza- proe SIT T 

tion of the acid. vA 4 
However, they also {| IT\ er 
suggested that cot- | | | hh 
inine might be an in- Nn CH, 


termediate in nicotine 
metabolism which was 
hydrolysed to the acid 
in vivo. 

We have previously reported* that nicotine is 
metabolized in liver microsomes by an enzyme 
system requiring reduced triphosphopyridine nucleo- 
tide and oxygen. We now wish to report that a 
major product of nicotine oxidation by liver prep- 
arations is cotinine. 

3 umoles of nicotine were incubated with a 
supernatant fraction of rabbit liver (prepared 
at 9,000g), supplemented with triphosphopyri- 
dine nucleotide (0:5 wumole), glucose-6-phosphate 
(25 umoles) and nicotinamide (0-1 umole), for 
90 min. at 37° C. under oxygen. Unchanged nicotine 
was extracted into heptane and assayed spectro- 
photometrically (259 my in 0-1 N hydrochloric acid). 
Cotinine remaining in the aqueous phase was then 
extracted into chloroform. After washing with 
0-1 M citrate buffer, pH 5-0, to remove an unidenti- 
fied metabolite, the chloroform phase was extracted 
with 0:1 N hydrochloric acid. Material in the acid 
phase, accounting for about half the metabolized 
nicotine, was tentatively identified as cotinine by 
ultra-violet absorption (Amax. 262 my), comparative 
distribution ratios* and paper chromatography with 
three solvent systems. 

The metabolite was isolated as follows: nicotine 
(1,200 umoles) was incubated with 1,200 ml. of liver 
supernatant fraction and other components in 
proportion. Cotinine was extracted into chloroform 
as described above and the organic phase washed with 
citrate buffer, pH 5-0. After evaporation of the 
chloroform at room temperature under nitrogen, the 
residue was subjected to an eight transfer countercur- 
rent distribution between equal volumes of chloroform 
and 0-6 M citrate buffer, pH 3-5. Contents of tubes 
3-6 containing material of similar partition ratios 
were pooled, alkalinized and the total basic material 
extracted into the chloroform phase. The chloroform 
was evaporated and the residue taken up in ether. 
After drying the ether phase with sodium sulphate, 
addition of 60 per cent perchloric acid in ethanol 
(1: 1) gave the perchlorate derivative, m.p. 218-219°. 
The melting point was not depressed on admixture 
with authentic cotinine perchlorate’, m.p. 218-219°. 
Analysis—calculated for C,,>H,,N,0,:C, 43-41; H, 
474; found: OC, 43-62; H, 5-01. Tho infra-red 
Spectrum (in potassium bromide pellet) was identical 
with that of authentic cotinine perchlorate. 

_ When 15 mgm./kgm. of nicotine were administered 
intramuscularly to rabbits, small amounts of cotinine 
equivalent to about 10 per cent of the dose were 
éxereted in the urine. Similarly, less than 10 per cent 
of cotinine administered to rabbits (15 mgm./kgm.) 
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intravenously was found in the urine. Since only 
small amounts of cotinine are excreted after admin- 
istering nicotine or cotinine, it is possible that the 
latter compound is a major metabolite of nicotine 
in vivo. 

It seems possible that the first step in the oxidation 
of nicotine is hydroxylation, followed by oxidation to 
cotinine and hydrolysis as follows : 
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Oct. 23. 
1 McKennis, jun., H., Turnbull, L. B., Wingfield, jun., H. N., and 
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Composition of Lipids isolated from the 
Aorta, Coronary Arteries and Circulus 
Wiilisii of Atherosclerotic Individuals 


Investigations of lipid deposits connected with 
atherosclerosis have usually been concerned with the 
lipids from the plaques formed in the intima of the 
aorta’. Although the condition of the aorta is a 
guide to the progress of the disease, dysfunction due 
to atherosclerosis is most liable to occur in the 
smaller arteries, especially coronary and cerebral 
arteries. It has generally been assumed that lipid 
deposition in these arteries occurs in a similar way 
to that in the aorta. If this is so, the composition 
of the lipids deposited should be approximately the 
same. Lipids extracted from different atheromatous 
arteries have been examined in order to test this 
assumption. 

The amount of lipid extractable from coronary or 
brain arteries is extremely sma)! (as indeed it is for 
healthy aortas), but methods have recently been 
developed in this laboratory for the separation of as 
little as 70 mgm. of tissue lipids into phospholipids, 
sterol esters, triglycerides, free fatty acids and free 
sterols. The first three groups can then be saponified 
and the resultant fatty acid mixtures, as well as the 
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Table 1. COMPOSITION OF LIPIDS FROM INDIVIDUAL ARTERIES 
Circulus | Coronary | Coronary | Coronary 
Aorta Willisii | arteries | arteries | arteries 
(case A) | (case A) | (case A) | (case B) | (case C) 
Yield of 
lipids* 159 10-7 23-7 21-4 15-0 
Composition 
r cent) 
hospho- 
lipids 26-8 29°5 16-7 16-7 19-2 
Free fatty 
ac 0-9 3-6 19 2°8 3-4 
Free chole- 
sterol 22-6 76 12-2 11-2 21°6 
Cholesterol 
esters 36-4 46-9 21-4 25-9 28-1 
Triglycer- 
| ides 13-9 12-4 49-0 58-6 276 























* As a percentage of the weight of the freeze-dried tissue. 


free fatty acids, methylated and analysed by vapour- 
phase chromatography. 

The material for the investigation (case A) of 
which the results are shown in Table J] came from a 
man eighty-eight years of age; the aorta showed 
an advanced stage of atherosclerosis, and the coronary 
and brain arteries were atheromatous. 

The adventitia and outer part of the media were 
removed from the aorta, the coronary arteries and 
the circulus Willisii. The remaining material was 
cut into small pieces, and the three preparations were 
freeze-dried before being extracted with methanol— 
chloroform (1 : 2) at room temperature. 

After purification of the lipids by passage of the 
concentrated methanol-chloroform solution through 
a column of powdered cellulose*, the phospholipids 
were separated from the other lipids by dialysing the 
latter through a rubber membrane’, the free fatty 
acids removed by alkaline extraction and the remain- 
ing three groups separated by silicic acid chromato- 
graphy (essentially according to Borgstrém‘). The 
phospholipids were saponified, first with anhydrous 
methanolic hydrochloric acid, then with ethanolic 
potassium hydroxide; the triglycerides and sterol 
esters were saponified with ethanolic potassium 
hydroxide alone. The fatty acid fractions and the 
free fatty acids were converted to their methyl 
esters and are to be examined by gas chromato- 
graphy. 

The composition of the lipids from the different 
arteries is shown in Table 1. The amounts of different 
lipid sub-groups are given as percentages of the total 
lipid ; those for free cholesterol, cholesterol esters and 


Table 2. COMPARISON OF LIPID COMPOSITION OF DIFFERENT ARTERIES 








| 
Aorta | Aorta | Aorta | Aorta 
stage | stage | stage | stage | Coron- | Circulus | 
o*(2 | I* (5 | I* (6 | IIL* (5| aries (3 | Willisii 
cases) | cases) | cases) | cases) | cases) | (1 case) 
Yield of 
lipidst 3-0 4-2 8°5 13-1 20-0 10:7 
Composition 
(per cent) : 
hospho- 
lipids 65-8 52°5 33°3 33-6 17°5 29°5 
Free fatty 
acids 5-2 5-8 3-4 1-4 2-7 3-6 
Free chole- 
sterol 7-7 11°8 19-1 19°8 15-0 76 
Cholesterol 
esters 4-7 14-0 35-1 40-2 25-1 46-9 
Triglycer- 
ides 15-0 15-4 12-0 8-6 45-1 12-4 





























* The aortas are classified (ref. 5) according to the appearance of 
the intima, Stage 0, aorta apparently free from disease; stage I, 
fatty streaks or spots, distinct plaques of not more than 2 mm. in 
diameter; stage IJ, plaques more 2 mm. in diameter; stage 

IIL, complicated lesions (ulcera). 
t As a percentage of the weight of freeze-dried tissue. 
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triglycerides were determined colorimetrically. The 
most striking result is the high percentage of tri. 
glycerides in the coronary arteries, compared with 
the aorta. That this was not an isolated phenomenon 
characteristic only of case A is shown by the last 
two columns of Table 1, where two further analyses 
of atherosclerotic coronary arteries (from men of 6] 
and 66 years, respectively) reveal a high triglyceride 
content. The triglyceride level of the third example 
(case C) was not as high as the other two, but was 
much higher than we have ever found in lipids from 
aortas (cf. Table 2). 

In contrast with the coronary arteries, the circular 
Willisii had a triglyceride content falling within the 
range observed for aortas. Both the total amount 
of lipids extractable from the tissue and the percentage 
of triglycerides in the lipids were approximately 
equal to those from a stage II aorta. The unusual 
feature in this artery was the comparatively high 
content of cholesterol esters, coupled with the 
extremely low level of free cholesterol. 

No explanation of the differences is offered at 
present ; but these preliminary findings are reported 
as an indication that theories concerning atherosclero- 
sis based on observations of the aorta may have to 
take into account extra factors when they are applied 
to other arteries. 

C. J. F. Borrcner 

F. P. Wooprorp 

C. Cu. TER Haar Romeny 
E. BortsMa 

C. M. Van GEent 


Department of Physical Chemistry, 
University of Leyden, 
Netherlands. 

Nov. 4. 

1 See, for example, Luddy, F. E., Barford, R. A., Riemenschneider, 
R. W., and Evans, J. D., J. Biol. Chem. , 282, 843 (1958). Tuna, 
‘we L., and Frantz, I. D., J. Clin. Invest., 37, 1153 
(1 ; F 

* Cf. Lea, C. H., and Rhodes, D. N., Biochem. J., 54, 467 (1953). 

* Van Beers, G. J., de Iongh, H., and Boldingh, J., Internat. Conf. 
on Biochem. Problems of Lipids, Fourth Conf., Essential Fatty 
Acids, Oxford (1957). 

* Borgstrém, B., Acta Physiol. Scand., 25, 111 (1952). 

* World Health Org., Tech. Rep. Ser., 148, 4 (1958). 


Determination of Transaminase Activity in 
Dogs’ Serum and Lymph after Hepatic 
Damage due to Acute Biliary Obstruction 


Ir is known that glutamic-oxaloacetic acid 
transaminase (GOT) and glutamic-pyruvic acid 
transaminase (GPT) are increased in sera of patients 
suffering from certain liver diseases! ; but there are 
scarcely any data available about the pathways of 
these enzymes. We have therefore studied the changes 
of the concentration of transaminase of hepatic origin 
at various points of the blood and lymphatic circula- 
tion after damage to the liver caused experimentally 
by biliary obstruction. 

The experiments were carried out on dogs under 
anesthesia with chloralose (0-1 gm. per kgm. body- 
weight). We collected simultaneously samples of 
sera from the femoral artery and hepatic veins on 
one hand and thoracic duct and hepatic lymph 
on the other. The concentration of transaminase 
was determined by Umbreit’s method’. Damage 


to the liver was produced by ligating the common 
bile duct and injecting 100-150 ml. of 5 per cent 
sodium chloride solution. 


The concentrations of 
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Table 1. NORMAL VALUES OF THE ACTIVITIES OF GLUTAMIC-OXALOACETIC AND GLUTAMIC-PYRUVIO Actp TRANSAMINASES IN Dogs 















































The 
f tri- Art. fem. ser. V. hep. ser. D. thor. lymph Hepatic lymph 
— GOT GPT GOT GPT GOT GPT GOT GPT 
last ee 93-1 es 20124 20-195 7126 8-119 80-136 38-125 
ulyses ete of cams a — met 15 20 19 5 mel 
of 6] | 
eride : ‘ , ; 
imple} glutamic-oxaloacetic acid transaminase and of glut- —_— Effect of Insulin on Sulphydryl Groups in 
5 was amic-pyruvic acid transaminase were determined Muscl 
from 15 min. before and 15 min. after the injection. uscie 

Table 1 summarizes the values found in normal Ir has been shown that the free —SH content of 
cular controls, and Fig. 1 illustrates the values found nerve tissue increases under the influence of stim- 
n the after hepatic damage. ulation. This suggested the possibility that the 
.ount l Compared with the values of the controls, the con- number of titratable —SH groups may be directly or 
ntage centrations found after hepatic damage are signific- indirectly related to the ratio of potassium to sodium 
ately antly greater in all our experiments. ions in the cell and consequently to its surface 
usual So far as we know, no data on transaminase activity potential!.*. 


high in the hepatic veins or in the lymph of the various Fliickiger and Verzadr*, Zierler* and Creese, D’Silva 

the lymphatic ducts have been published. Accord- and Northover® have observed that addition of 
ing to our results, the activities of both glutamic- insulin in vitro to rat-muscle preparations causes gain 
dat oxaloacetic and glutamic-pyruvic acid transaminase in potassium ions and loss of sodium ions by the cell 
orted are considerably increased in every fraction of the and an increase of its resting potential. It seemed, 
elero- blood and lymph after hepatic damage; the actual therefore, interesting to investigate whether these 
ve to rise is to some extent variable. (In the experiment changes would be accompanied by a corresponding 
plied represented in Fig. 1 the greatest change occurred fall in titratable —SH groups. 


























in the serum from the hepatic vein.) Diaphragms were removed from male CF Wistar 
rats (100-145 gm.). Each hemidiaphragm was 
A. femoralis ser. ’ hep. lymph ate thor.lymph washed, and suspended in 150 ml. of a glucose— 
ee ee iyape’?- —_-galine medium buffered to pH 7-4 and contain- 
ing 6-15 umoles potassium ion/ml. To one of 
the hemidiaphragms was added insulin (‘Tle- 
1,400 7 tin’, Lilly) at a concentration of 0-1 unit/ml. ; 
t Y the other served as a control. A mixture of 
1,200 + Y 95 per cent oxygen and 5 per cent carbon 
sa Y dioxide was bubbling through both prepara- 
a ie | YJ tions for 2 hr. at room temperature. 

re gaat AV j Content of potassium ions was determined 
Tuna, - J Yj yl in eight pairs of hemidiaphragms after 2 hr. 
oF 3 800 F Z l incubation. The muscle was blotted and sub- 
3). 8 T Yj ; mitted to the wet-ashing procedure described 
. Conf. 2 600 + Y Y by Ballantine and Burford’; content of 
| Fatty 5 4 Z Y potassium ions was measured by means of a 
< wot Y Y flame photometer using an internal standard. 
] %Y The mean potassium ion content of the insulin- 
" y treated hemidiaphragm was 130-4 (433-5 
cal S.D.) umoles/gm. of wet weight ; the control 
yin muscles contained 82-3 (+32-8) umoles/gm. 
he os The increase in potassium ion content, 48-1 
va 20805575 20805575 205575 2055 75 wee iar fy Beretta ssagerio Ce : 
acid Period after intervention (min.) for the determination of weit SH groups. 
acid |g}, Aiilyofeltamierslnertioncldanmamingre whitey; The tissue was frozen with dry-ice, ground 
hients control periods (black) in a Potter-Elvehjem homogenizer and ex- 
e are tracted with the suspension medium. After 
ys of Histological examination of the liver tissue showed centrifugation at 4,000 r.p.m. for 20 min., —SH 
anges intense hyperemia, oedema and damage to the liver groups were determined in the supernatant by 
yrigin cells (vacuoles, hyalin degeneration). means of the amperometric titration method of 
ee P. Braun Benesch, Lardy and Benesch’. In 26 experiments 
itally First Department of Medicine the —SH content of the insulin-treated hemidia- 
ee a . 3 phragm decreased by an average of 22-1 per cent. The 
inder University Medical School, Budapest. control muscle pri der 5-32, (41-08 BD) umoles/ 
vody- : M. Papp gm. wet weight ; under the influence of insulin the 
os of §f Institute for Experimental Medical Research, —SH groups fell to 4-14 (0-84) umoles. The differ- 
13 ON Hungarian Academy of Sciences, Budapest. ence is significant at the level of P = 0-05-0-02. In 
ymph I. HorvAtu four experiments —SH groups increased by an aver- 
inase Research Institute of the age of 1-22 ymoles/gm.: it could not be ascertained 
mage Pharmaceutical Industry, Budapest. whether these results were due to a technical failure 

—_ iRionsci, ¥.. seilidiiiaa’ SM tee a in ae ah or to some particular condition of the animals. _ 
Com, | ‘Uubeeit, W. W., Kingsley, G. B., Schaffert, R. B., and Siplet, H., _ 12 80me experiments, the extract was dialysed in 


is of J. Lab. and Clin. Med. 49, 454 (1957). a shaking dialyser against 25 vol. of the extraction 
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medium. As in brain tissue*, the major proportion 

(80 per cent) of the —SE groups in muscle was 

bound to non-dialysable molecules, presumably to 

proteins. The decrease caused by insulin affected 
about equally the dialysable and non-dialysable 
sulphydryl fractions. 

The fact that insulin causes hyperpolarization of 
the cell surface, increase of the ratio of potassium to 
sodium ions and decrease of —SH groups can be 
interpreted in various ways. In terms of the mem- 
brane theory, it could be assumed that insulin, by its 
action on metabolic processes, increases the efficiency 
of the ionic ‘pumps’ or that it acts directly on the 
membrane and alters its permeability properties. 
The latter action is assumed to operate in facilitating 
the entry of glucose into the cell*. There is also some 
evidence that glycogen fixes potassium ions® so that 
increased glycogen synthesis may result in higher 
intracellular potassium. 

In view of certain observations on protein con- 
figuration in resting and stimulated cells, insulin can 
be assumed to act primarily by modifying the struc- 
ture of certain protein molecules. Stimulation and 
subsequent depolarization, with lowered ratio of 
potassium to sodium ions, are accompanied by an 
‘unmasking’ of titratable —SH groups and other 
ionized side-groups, suggesting a general ‘loosening’ 
of the structure of protein molecules!.*,.°, In the 
opposite direction, hyperpolarization, with raised 
intracellular ratio of potassium to sodium ions could 
be characterized by a decrease in ionized side-groups 
and tendency to a more rigid protein configuration. 
Further investigations are being conducted to 
determine whether modifications of protein structure 
represent a determining factor in the mechanism of 
cellular rest and excitation. 

G. UNGAR 
S. Kapis 
Department of Pharmacology, 
U.S. Vitamin Corporation, 
New York. 
Oct. 28. 
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(1958). 
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edit. by Colowick, 8. R., and Kaplan, N. O., 3, 1002 (Academic 
Press, Inc., New York, 1957). 

* Benesch, R. E., Lardy, H. A., and Benesch, R. J., J. Biol. Chem., 
216, 663 (1955). 

* Levine, R., Goldstein, M. 8., Huddlestun, B., and Klein, S., Amer. 
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Reduction of Neotetrazolium Chloride 
by Vitamin K; 

MENADIONE (vitamin K;, 2-methyl-1.4-naphtha- 
quinone) has become increasingly associated with 
pathways of electron transfer. It has been implicated 
in the nitrate reductase sequence ; in the processes 
of _photosynthetic phosphorylation; in a _non- 
phosphorylative oxidative pathway; in menadione 
reductase and in the general respiratory chain and 
associated processes of oxidative phosphorylation 
(cf. ref. 1). Menadione has recently been associated 
with an enzyme sequence connecting the oxidation 
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of succinate with the reduction of neotetrazolium 
chloride'. The vitamin K, involved in such reactions 
can be followed by spectrophotometric rate measure. 
ments*, 

This communication shows that it is also possible 
to demonstrate that vitamin K, is involved in redox 
reactions by adding neotetrazolium chloride ; reduced 
menadione reacts directly and non-enzymically' with 
neotetrazolium chloride at pH 7-4 and 37° C., yielding 
the intensely coloured insoluble formazan. As stated 
by Shelton and Rice*, the absorption maximum of 
the formazan varies with the method of reduction: 
enzymic reduction yields a product with a maximum 
absorption at 510 my; chemical reduction (for 
example, by reduced menadione or dithionite) yields 
a product with an absorption maximum at 540 my. 

In the following experiments the reaction mixture 
used contained 1 ml. of a phosphate — versene mixture 
(1-0 ml. phosphate buffer, pH 7-4, 0-1 molar: 0-05ml, 
sodium versenate, pH 7-4, 0-1 molar) and 0-15 ml. 
of 1 per cent neotetrazolium chloride. Other addi- 
tions mentioned in Table 1 were made in a volume of 
0-1 ml. Incubation was at 37° C. and the formazan 
was extracted with 4 ml. of ethyl acetate; the 
extinction was obtained using a Hilger ‘Uvispek’ 
spectrophotometer. Vitamin K, was added as a 
suspension in phosphate buffer, bovine plasma 
albumin and ethanol. 


Table 1. EXTINCTION READ AT 540 My IN A ‘UVISPEK’ SPECTRO- 
PHOTOMETER 

Path-length 1 cm., incubation time 30 min. except for reduced 

menadione (5 min.), and cysteine + vitamin K, (15 min.) ; reagents 

and volumes described in the text. All values refer to the addition 
of 1 umole of reagent 


Addition Extinction Addition Extinction 

Menadione 0-007 Ascorbic acid + 
Reduced menadione 0-237 vitamin K, 0-225 
Ascorbic acid 0-066 Glutathione + 
Glutathione 0-002 vitamin K, 0-003 
Cysteine 0-009 Cysteine + vitamin K, 0-960 
2,3 Dimercapto-1- Reduced diphospho- 

propanol 1-490 pyridine nucleotide + 
Hydroquinone 0-000 vitamin K, 0-036 
Reduced diphospho- Vitamin K, + 

pyridine nucleotide 0-000 ascorbic acid 0-123 
Vitamin K, 0-015 Vitamin E + 
Vitamin E 0-006 ascorbic acid 0-091 


Reduced menadione was prepared as described by 
Fieser‘; a grey powder was obtained which had 
absorption maxima at 241 and 330 my as mentioned 
by Colpa-Boonstra and Slater*. Direct reduction of 
neotetrazolium chloride by the following reagents 
was also tried : reduced diphosphopyridine nucleotide 
(Boerhinger, 90 per cent pure); glutathione (Dis- 
tillers Co., Ltd.) : ascorbic acid (Roche); cysteime; 
2,3 dimercapto-1-propanol (BAL, Boots Pure Drug 
Co., Ltd.) ; hydroquinone ; vitamin E (L. Light and 
Co.) ; vitamin K, (Roche). 

Other than reduced menadione, only 2,3 dimer- 
capto-1-propanol reacted directly with neotetrazolium 
chloride to any substantial degree ; slight production 
of formazan was observed with vitamin C (Table 1). 
Several of the reagents which did not reduce neo- 
tetrazolium chloride directly, were found to reduce 
menadione, which then led to the formation of 
formazan. For example, cysteine reduced menadione 
with a consequent formation of formazan on incuba- 
tion, in spite of the fact that cysteine (and other 
similar compounds, for example, glutathione) combines 
readily with menadione under the conditions used to 
yield 3-substituted naphthaquinones. Under the 
conditions used (in pH 7-4 phosphate buffer : versene) 
the photochemical reduction of neotetrazolium chlor- 
ide catalysed by cysteine with either riboflavin of 
riboflavin phosphate® was negligible. 
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The reduction of vitamin K, by vitamin C appears 
to occur to a considerable extent, indicating that the 
following reaction is displaced to the right in the 
presence of neotetrazolium chloride : 

ascorbate + menadione — dehydroascorbate + 

reduced menadione 


This reaction between vitamin C and menadione is 
stimulated by tissue suspensions!, but whether this 
stimulation is enzymic in character must await 
further investigation. The stimulatory power of 
homogenates is relatively insensitive to boiling. The 


_ stimulatory power of both rat liver and rat mammary 


land homogenates is 'argely concentrated in the 
soluble fraction after removing the mitochondria 
and microsomes by differential centrifugation in 0-25 
molar sucrose. 

Reduced diphosphopyridine nucleotide reacted 
only slightly, if at all, with menadione to yield 
reduced menadione; reduced diphosphopyridine 
nucleotide had no direct effect on neotetrazolium 
chloride, as has been reported by Zéllner and Rothe- 
mund’, Typical results are shown in Table 1. 

It seems possible, therefore, that in certain cases 
the fact that vitamin K, is involved in redox reactions 
can be demonstrated by the ready interaction of 
reduced menadione with neotetrazolium chloride. 

Iam grateful to Dr. A. L. Greenbaum and D. N. 
Planterose for helpful comments and suggestions ; 
this work was carried out during the tenure of a Beit 
Memorial Fellowship. 

T. F. SuatTER* 

Department of Biochemistry, 

University College, 
Gower Street, 
London, W.C.1. 
* Beit Memorial Fellow. 
‘Slater, T. F. (unpublished work). 
‘Colpa-Boonstra, J. P., and Slater, E. C., Biochim. Biophys. Acta, 

27, 122 (1958). 

‘Shelton, E., and Rice, M. E., J. Nat. Cancer Inst., 18, 117 (1957). 
‘Fieser, L., J. Biol. Chem., 188, 391 (1940). 
‘Nickerson, W. J., and Merkel, J. R., Proc. U.S. Nat. Acad. Sci., 89, 

901 (1953). 

‘Ziliner, N., and Rothemund, E., Z. physiol. Chem., 298, 97 (1954). 


Effect of 8-Hydroxybutyrate Injections on 
the Pancreatic Activity of Guinea Pigs 


§-HypROXYBUTYRATE has been found to cause 
hyperglycemia, glycosuria and lowered glucose 
tolerance in guinea pigs and rabbits when injected in 
gradually increasing doses for some time!.*. On 
injection in rabbits, this compound produces an 
initial state of hypoglycemia followed in the long 
run by permanent hyperglycemia. That this may 
be due to an initial state of hyper-insulinism, followed 
by hypo-insulinism due to an overwork atrophy of 
the B-cells, caused by continued stimulation has been 
suggested’-®, 

Since $-hydroxybutyrate is an important inter- 
mediary metabolite, its effect on the normal pancreas 
is evidently very interesting, and the present series 
of investigations have therefore been started to 
elucidate its mechanism of action. The present 
Teport indicates the effect produced by continued 
Injections of B-hydroxybutyrate (sodium salt) on the 
amylolytic and insulin activity of the pancreatic 
tissue of guinea pigs. 

he preliminary experiments reported here were 
carried out on two groups of guinea pigs. One group 
wes kept as control, and the animals of the other 
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Table 1. AVERAGE VALUES OF PANCREATIC AMYLASE AND INSULIN 
OF GUINEA PIGS SUBJECTED TO INJECTIONS OF 6-HYDROXYBUTYRATE 
(SopIUM SALT) 














Days of Amylase activity Insulin potency 
No. injections | mgm. of maltose/gm. | (percentage reduc- 
of dry pancreas tion/gm. pancreas) 
1a | 0 (control) 664-1 14-72 
2 12 596-7 86-10 
3 25 457-2 a 
4 36 100°8 30-6 














group were given injections of sodium {-hydroxy- 
butyrate (L. Light and Co., Ltd.). The initial dose was 


50 mgm. per animal, and this was gradually increased__- 


to 100 mgm. per animal. At regular intervals the pan- 
creas was removed from two animals of each group 
and a portion of pancreatic tissue assayed for amylase 
activity by Willstétter’s method’. Another portion 
of the tissue was extracted for insulin® and the 
extracted insulin assayed on rabbits by the method 
of Burn®. The results are given in Table 1. 
Table 1 reveals that the pancreatic amylase 
activity decreases with gradual increase in the dosage 
of §-hydroxybutyrate injections, whereas the insulin 
potency shows an initial increase and is then followed 
by a decrease. The decrease in pancreatic amylolytic 
activity may be due to a possible lowering of the 
rate in the proteosynthetic activity of the acinar cells 
as a result of a possible pharmacological response 
produced by $-hydroxybutyrate, or it might be due 
to a physiological response of the organ to maintain 
the overall enzyme-hormone balance or both. The 
changes in insulin potency as observed are in con- 
formity with the order of earlier observations (loc. 
cit.), namely, initial stimulation of B-cells followed 
by a possible overwork atrophy as a response to 
B-hydroxybutyrate injections. 
H. D. BRAHMACHARI 
MAHENDRA KouMAR 
Biochemistry Laboratories, 
Birla College, Pilani, 
India. 
Oct. 23. 
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Leucine Aminopeptidase Activity in Mast 
Cells 


DurtnG investigations of the behaviour of leucine 
aminopeptidase activity of blood-serum in patients 
with dermatoses and tumours!-’, in a case of diffuse 
skin mastocytosis of a new-born, we detected 
heightened activity of leucine aminopeptidase. After 
mechanical friction of the affected. skin, greater 
activity of leucine aminopeptidase occurred. From 
this we supposed a release of leucine aminopeptidase 
from the mast cell infiltrates of the skin. As is well 
known, in urticaria pigmentosa mechanical irritation 
of the skin lesions give rise to a degranulation of 
mast cells‘.5 with liberation of histamine and sero- 
tonin. Indeed, there is no doubt that mast cells con- 
tain the enzyme leucine aminopeptidase. Using 
Burstone and Folk’s histochemical method*, we were 
able to demonstrate a strong positive cytoplasmic 
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Fig. 1. Positive leucine aminopeptidase reaction in mast cells of 
rat mesentery 


leucine aminopeptidase reaction in the mast cell 
infiltrates of the cutis in the above-mentioned case. 
Also in the mesentery of rats, mast cells likewise 
show a weak positive but distinct cytoplasmic leucine 
aminopeptidase reaction (Fig. 1), while other con- 
nective tissue cells are free of histochemically 
demonstrable activity of leucine aminopeptidase. To 
answer the question, whether with degranulation of 
mast cells there is a release of leucine aminopeptidase 
in the surrounding tissue, some experiments on rats 
were performed. Following Fawcett’s method’ for 
the release of histamine by mast cells, eight black 
rats (150-200 gm.) were killed and, after being 
bled, the abdomen was opened, the mesentery 
detached in its entirety at the root and separated 
from the intestine. After incubation in 2 ml. aqua 
bidest. or Tyrode’s solution for 20 min. at 20°C. in 
0-5 c.c. of the filtrate, the activity of leucine amino- 
peptidase was determined by a modified method of 
Green et al.'. Histological controls showed no greater 
morphological alterations of the mast cells by treat- 
ment with Tyrode’s solution ; however, after treat- 
ment by aqua bidest., the well-known osmotic rupture 
of the mast cells with degranulation’.’ resulted 
(Table 1). 

It is significant that activity of leucine amino- 
peptidase was demonstrable after treatment with 
Tyrode’s solution. It is an open question whether 
or not this activity is connected with a release by 
mast cells. However, it should be noted that in a 
pretreated mesentery (Tyrode’s solution or aqua 
bidest.) histochemically a real positive reaction of 
leucine aminopeptidase in mast cells could not be 
found. After osmotic disruption of the mesenteric 
mast cells by incubation in aqua bidest., the increase 
of activity of leucine aminopeptidase in the incuba- 
tion fluid was about 100 per cent. This shows that 
osmotic rupture of the mast cells is concomitant with 
a release of leucine aminopeptidase. 

It is still not possible to say, however, whether 
leucine aminopeptidase would be released in the pro- 
cess of physiological degranulation. Only suggestions 
can be made concerning the significance of leucine 
Table 1. LEUCINE AMINOPEPTIDASE ACTIVITY (IN GM. OF LIBERATED 


8-NAPHTHYLAMINE FROM L-LBUOYL-3-NAPHTHYLAMIDE) IN 0°5 ML. 
FLUID AFTER INCUBATION (20 sana 20° C.) oF 1-0 GM. RAT MESENTERY 
IN . FL 




















‘0 ML. FLUID 

= Incubation-fluid 
Rat 
Tyrode’s solution Aqua bidest. 
1 220 422 
2 263 423 
| 3 248 395 
| 4 244 417 
| 5 238 421 

6 227 

7 243 449 

8 231 422 
os 239 + 13 420 + 15 
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aminopeptidase in mast cells. Leucine aminopeptidase 
itself is probably not a uniform enzyme, but a mix. 
ture of di- and poly-peptidases*. Some observations?,10 
suggest that proteolytic enzymes, including leucine 
aminopeptidase, may be of importance in the pro. 
cess of liberation of heparin from native lipoprotein. 
complex"? and perhaps also from the release of 
histamine or hydroxytryptamine. Also there may 
exist a relation to anaphylactic reactions, in which 
not only morphological ¢ in mast cells (de. 
granulation) but also a higher activity of proteolytic 
enzymes can be found!*-*5, 

O. Braun-Fatco 

K. SALFELD 


Hautklinik der Johannes Gutenberg-Universitit, 
Mainz 
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New Inhibitor and Erythrocyte Receptor 
Substances for Certain Asian Strains of 
Influenza Virus 


SEVERAL investigators'-* and ourselves*.’ have 
shown that individual Asian strains of influenza A 
virus can be divided into two groups on the grounds 
of their sensitivity to inhibitors of hemagglutination. 
The so-called ‘non-avid’> or Q-phase® strains are not 
inhibited by non-immune sera, and only moderately 
by homologous hyperimmune sera. On the other 
hand, both non-immune and immune serum inhibitors 
are highly active against the ‘avid’ or R-phase strains. 

In the present work we investigated the factor 
responsible for the hemagglutination-inhibiting activ- 
ity of normal sera against the ‘avid’ Asian strains. 
The erythrocyte receptors were also studied. The 
spiral loop micro-technique described by one of us* 
was used in the hemagglutination-inhibiting tests. 
The neutralization tests were performed in chorio- 
allantoic membrane cultures according to Horvath’s 
method'*, Fowl erythrocytes were used through- 
out. 

Table 1 shows that none of the six animal species 
examined had serum inhibitors against the Singapore 
1/57 strain, while all but the pooled mouse serum 
were highly inhibitory against Budapest 23/57, & 
representative of the ‘avid’ Asian strains. A sample 
of each of the sera listed in Table 1 had been boiled 
and vigorously stirred for 30 min., then centrifuged. 
The supernatants were tested. The hemagglutina- 
tion-inhibiting titres against the ‘avid’ strains were 
remarkably enhanced by boiling, while a nearly 
complete inactivation of the Francis and Chu inhib- 
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Table 1. COMPARISON OF THE HAMAGGLUTINATION-INHIBITING TITRES 
OF NORMAL AND BOILED SERA 























Virus strains 
Sera PR8 | | Lee Sing. 1/57 | 23/57 — 
a ry a i a i a a 
Unheated 
Human 32* ; 128 | 32 64) — | — 512 128 
| Rabbit 4 256 | 64| 128 | — | — 512 256 
Guinea pig | — 128 8 64 | — | — | 1,024 512 
Chicken — 8 | — 32 —|— 64 32 
| Ferret —_ 4);— 16 _ _ 256 256 
| Mouse — 82 |} —| 266 | — | — 64 64 
} Boiled for 30 min. 

| Human _ —y-{[— — {| — | 2,000 512 
| Rabbit -_ srs — — — _ 1,600 §12 
Guinea pig | — 16 | — 16 — — | 6,400 | 5,000 
Chicken _ _- _ 4 _ — | 2,000 | 1,024 
| Ferret _— acd _ — _— — | 2,000 | 1,024 
| Mouse —}|—fJ—-} — | —-]— 256 64 





























a, Active; t, inactivated at 56° C. for 30 min. 
*Reciprocals of the hemagglutination-inhibiting titres. 


itors occurred as demonstrated by the disappearance 
of the hemagglutination-inhibiting titres against 
active and heat-inactivated PR8 and Lee viruses. 
Boiled guinea pig sera had particularly high titres. 
The lowest temperature rendering sera more inhibitory 
against the ‘avid’ strains was dependent on the 
species ; for example, heating to 56°C. for 30 min. 
was sufficient for guinea pig sera to develop higher 
hemagglutination-inhibiting titres while sera of other 
species required considerably higher temperatures to 
become more effective. The ‘non-avid’ Singapore 
strain was not inhibited even by boiled sera. 

Heating to 56° C. for 30 min. rendered PR8 and 
Lee virus preparations more sensitive to non-specific 
serum inhibitors but did not alter, or even lowered, 
the sensitivity of the ‘avid’ strains. 

We have investigated some properties of the boiled 
inhibitor. It has been proved to be undialysable and 
biuret-positive ; it is precipitated by 50 per cent 
acetone or 66 per cent ethanol ; the precipitates can 
be re-dissolved without any loss in their inhibitory 
activity in saline; the inhibitor is completely 
precipitated in 0-35 saturated solutions of ammonium 
sulphate ; digestion at 37° C. in a 0-25 per cent 
trypsin solution for 30 min. destroys its activity. 
Treatment of sera with crude cholera filtrate inactiv- 
ated this inhibitor only partially and the Francis-type 
inhibitor had disappeared completely. Treatment 
with M/200 potassium periodate at room temperature 
for 3 hr. scarcely diminished the hamagglutination- 
inhibiting titres of normal sera to the ‘avid’ strains, 
Whereas those to the active and heat-inactivated 
preparations of PR8 and Lee viruses disappeared 
almost entirely. No carbohydrate could be detected 
i preparations purified by fractional precipitation 
with ammonium sulphate. The Molisch-Udranszky 
and the Antron tests were used. 

Pre-epidemic human sera, as well as normal 
guinea pig sera, had also neutralizing titres against 
the ‘avid’ strains but not to the ‘non-avid’ Asian 
strains. The titres against 100 JD50 of an ‘avid’ 
strain attained 1:32 in pre-epidemic human and 
exceeded this level in normal guinea pig sera. Prelim- 
inary observations appear to suggest a direct relation 
between the hemagglutination-inhibiting and neutral- 
lzing titres of normal sera. In a single experiment, 
however, boiling remarkably diminished the neutral- 
lang capacity, in contrast to the simultaneous rise 
in the hemagglutination-inhibiting titre. 

Our results indicate that the ‘avid’ Asian strains 
ae inhibited, and, to some extent neutralized, by a 
normal serum factor which is different from the 
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non-specific inhibitors of hemagglutination already 
described. The new inhibitor is supposed to be a 
thermostable protein or polypeptide. 

The existence of a serum inhibitor reacting exclu- 
sively with the ‘avid’ Asian strains made reasonable 
a search for erythrocyte receptors supposed to be 
specific for those strains. The possible destruction of 
the receptors to the ‘avid’ strains by each of the 
strains PR8, Lee and Singapore 1/57 was examined 
first. Mixtures of virus and red cells were kept at 
37° C. until the cells had become inagglutinable or 
barely agglutinable by all the strains tested except 
the ‘avid’ strains. The agglutinability by the latter 
was not altered by the above treatment. In further 
experiments red cells were treated with ‘avid’ strains 
in a similar manner. In these instances the rate of 
elution was slow, as compared with that of tho 
‘non-avid’ strains, and the red cells remained agglu- 
tinated even after extremely long incubation. We 
failed thus to obtain cell suspensions suitable for 
re-agglutination tests. 

The effects of receptor-destroying enzyme as well 
as of potassium periodate on the red cell receptors 
reacting with the ‘avid’ strains were also studied. 
Using each of these treatments appropriately, we 
succeeded in obtaining cells of unaltered agglutin- 
ability by ‘avid’ strains but entirely inagglutinable 
by other strains of influenza virus. 

Our preliminary results suggest that a receptor 
substance different from the red cell receptors to 
other strains of influenza virus is at least one of the 
substances responsible for the interactions between 
red cells and ‘avid’ strains of Asian virus. 

We thank Dr. A. Isaacs, National Institute for 
Medical Research, London, for making available the 
Singapore 1/57 strain and crude filtrate of V. cholerae. 
A full account of this work will be published in the 
Acta Virologica (Prague). 
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Effect of Brain Ganglioside on the 
Heart of the Clam 


A PURIFIED preparation of brain ganglioside, a 
macromolecular glycolipid the structure of which 
has been recently considerably clarified', has been 
shown to inhibit in low concentration the viral 
hemagglutination reaction* and to inhibit in the 
same concentrations the neurotoxic effect in mouse 
brain of influenza PR8 and NWS viruses*, The 
consideration of the possible membrane and trans- 
port role that brain ganglioside might have in the 
central nervous system has led to the investigation 





54 NATURE 


of the effect of this substance upon the heart of 
Venus mercenaria (clam), an organ which had been 
used in the bioassay of acetyl choline, 5-hydroxy- 
tryptamine, and other substances with known or 
suspected neurohumoral function*.*. 

The clam heart system employed was essentially 
that described elsewhere’, with the exception that 
a 5-ml. bath was used. (We are grateful to Dr. M. K. 
Paasonen for demonstrating the method which he 
employs for bioassay with clam heart, and for a 
sample of 5-hydroxytryptamine creatine sulphate.) 
The bathing fluid consisted of sea water, with and 
without added benzoquinonium (‘Mytolon’). Most 
preparations functioned well up to 10 and 15 hr., 
and stable function was established for at least 1 hr. 
before test substances were added. All hearts were 
highly responsive to 5-hydroxytryptamine creatine 
sulphate in the usual doses®. 

Both brain ganglioside salt and its ash-free deriva- 
tive were employed'. Brain ganglioside salt in con- 
centrations as low as 0-06 yugm./e.c. of suspension 
fluid produced a definite increase in the amplitude of 
contraction (12-30 per cent). At doses greater than 
0-4 ugm./e.c. an increase in amplitude of contraction 
was accompanied by an increase in rate as well. At 
doses between 40 and 200 ugm./c.c. an increase in 
tonus also occurred, with definite raising of the base- 
line. At doses between 200 and 400 ugm./c.c. a tetanic 
state of contraction was observed. All the above 
effects were readily reversed by washing the heart 
with sea water. However, there appeared to be a 


cumulative effect in individual hearts on repeated 
administration of large doses of brain ganglioside, 
evidenced by a diminished responsivity to subsequent 
doses of brain ganglioside, although the heart retained 


normal responsivity to 5-hydroxytryptamine. Even 
while the heart was responding to brain ganglioside 
present in the bathing fluid, the addition of 5-hydroxy- 
tryptamine produced a superimposed stimulatory 
effect. 

All these responses were observed whether or not 
benzoquinonium (6 ugm./c.c.) was present in the 
fluid. Since equivalent responses were obtained with 
both brain ganglioside salt, and ash-free brain 
ganglioside, the stimulatory effect does not appear to 
be dependent upon either the presence of a free or 
neutralized carboxyl group in the neuraminic acid 
of brain ganglioside. Neuraminic acid itself, obtained 
by hydrolytic cleavage of ash-free brain ganglioside’, 
in doses of 60-120 ugm./c.c., produced a small increase 
in the amplitude of contraction comparable to the 
response obtained with only 0-06 yugm./c.c. of the 
intact brain ganglioside. 

The active concentrations of brain ganglioside are 
low. Considering that the functional unit of this 
macromolecular substance is its structural repeating 
unit, molecular weight’ approximately 3,314, then 
brain ganglioside is active in this system at con- 
centrations of i0-* molar. If, on the other hand, 
the functiona! unit is considered to be that indicated 
by the molecular weight determination of aqueous 
brain ganglioside (minimal molecular weight 250,000), 
then brain ganglioside is active at concentrations of 
10-?° molar. 

These findings, which will be described in detail 
elsewhere, together with the previous observations 
m the structure of brain ganglioside’ and on its 
action in other biological systems*.*, suggest the 
possibility that brain ganglioside may play a part 
m transmission phenomena in the central nervous 
system. 
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Succinic Dehydrogenase Activity in Brain 
Tissue of Rats after Ovariectomy and 
Steroid Administration 


ANZSTHETIC properties of certain steroids have 
been demonstrated by Selye!, and Michaelis and 
Quastel* have stated that anzsthetic activity depends 
on inhibition of the utilization of glucose and oxygen 
by brain tissue. Later, Gordan and Elliott® showed 
that addition of certain steroids to brain cells in 
vitro produced a prompt inhibition of the rate of 
uptake of oxygen by these cells. Conversely, in cas- 
trated male rats, that is, in animals deficient in 
gonadal steroids, the uptake of oxygen by the brain 
increased up to 35 per cent*‘,5—a fact which suggests 
that the steroids, by virtue of their inhibiting effects, 
act as brakes on cerebral metabolism. Further experi- 
ments indicated that the known anesthetic potency 
of the steroids parallels their degree of inhibition’. 
The site of the steroid inhibition has since been found 
to be at the dehydrogenase-level rather’.* than the 
cytochromes, where other anzsthetic agents exert 
their effects. Thus, the distinctive effects of steroids 
on the respiratory metabolism of tissues can be ascer- 
tained by means of the quantitative analysis of the 
dehydrogenase activity under conditions of steroid 
administration or deficiency. 

Scrutiny of the literature revealed that the results 
obtained on the influence of steroids on the oxygen 
uptake and respiratory enzyme activity were based 
upon experiments on male rats exclusively.. In our 
previous experiments the activity of succinic and 
isocitric dehydrogenases in brain and other tissues 
under various experimental conditions were determ- 
ined in male rats also’. 

Therefore, in the present experiments female rats 
were used and the succinic dehydrogenase activity 
of brain tissue under the conditions of ovariectomy 
and administration of gonadal hormones was assayed. 

Seventy adult healthy female rats of the random- 
bred Hebrew University strain were spayed at the age 
of 2 months and divided into four groups. 15 ani 
were injected with 1 mgm. testosterone, 15 with 
5 ugm. of cestradiol-benzoate and 15 with 1 mgm. 
of progesterone, whereas 25 ovariectomized rats 
received no injections. An additional group of 
24 normal animals served as a standard of com- 
parison. The injections were given for a period of 
30 days and were discontinued 24 hr. prior to 
examination. The dehydrogenase activity wa 
quantitatively estimated by a modification of the 
Kun and Abood?* tetrazolium method, developed im 
our laboratory". The method is based on the degree 
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of reduction of tetrazolium to the end-product, 
formazan, during the enzymic oxidation of succinate 
to fumarate and is estimated colorimetrically. 

The modification is as follows. The incubation 
mixture contains 0-5 ml. of a 10 per cent tissue 
homogenate in potassium phosphate buffer, 0-25 ml. 
of a 0-08 M solution of sodium succinate substrate 
and 0-25 ml. of a 0-1 per cent solution of neo- 
tetrazolium chloride, at 37°C. for 20 min. By the 
addition of 2 ml. of a mixture of equal parts of 
ethyl acetate-ethanol, the reaction is stopped and 
the coloured end-product, formazan, is extracted. 
Thus the colour of the formazan solution is rendered 
stable for a relatively long period, and the reaction 
is suitable for estimating small quantities of enzymes 
—the modified procedure eliminating thereby the 
main drawbacks of the original method. 

It can be seen from Table 1 that after ovariectomy 
the succinic dehydrogenase activity in brain tissue 
nereased markedly. The different gonadal hormones 
administered exerted a distinctive influence on the 
succinic dehydrogenase activity of the brain in 
ovariectomized rats. All three steroids inhibited in 
a statistically significant degree (after ovariectomy) 
the elevated enzyme activity. Testosterone de- 
creased this activity to the greatest extent, depress- 
ing it relatively far beneath the normal level ; 
eswadiol effected a marked decrease from the normal 
degree, whereas progesterone, although exerting an 
inhibiting effect, levelled the enzyme activity to the 


normal values only. 
Table 1. EFFECTS OF OVARIECTOMIZED AND GONADAL STEROIDS ON 
CEREBRAL SUCCINIC DEHYDROGENASE ACTIVITY 

The figures express the amount of formazan (vgm.) produced by the 
enzyme during 20 min. of incubation at 37° C. in 1 ml. of 10 per cent 
tissue homogenate 


| | | | 
| Altera- 
Treatment | No. of | Agein | Mean + tion P 
animals | months 8.F. (percent) 





| Intact, 

| female 24 3 626418 _ —_ 

| Ovariectom- 

| ized 25 3 623 +27 0-001 

| Ovariectom- 

| ized +testo- 

| sterone 15 3 
Ovariectom- 

| ized + 

| estrogen 16 3 

| Ovariectom- 
ized +pro- 

| gesterone 15 3 526425 0 

| Intact, male 10 3 434 +26 _ 

ta ' 

_ * These figures were calculated in relation to those of the ovariectom- 

ized, all the rest to the intact, animal. 


329 +48 0-001 


472411 0:02 





0-02* 





2-62* 




















_ Incomparison with normal male rats of correspond- 
ing age the values for activity of succinic dehydro- 
genase in brain tissue of the intact female are some- 
what higher. However, the increase of activity of 
succinic dehydrogenase after ovariectomy is similar 
to that observed in male rats after castration ; the 
action of cestrogen as inhibiting the enzyme activity 
also corresponds to its effects in male. Contrary to 
these, the effect of testosterone is inhibitory in the 
female, while in the male this hormone increased 
still further the enzyme activity already elevated 

T castration’. 

Since corresponding effects of progesterone and 
‘estosterone in many instances, including anzsthetic 
actions, are known, the results obtained with pro- 
gesterone administration were rather unexpected. 

the present experiments this hormone was the 
least effective in d ing the enzyme activity, in 
Contrast to testosverone, which inhibited it to the 
gteatest extent. 


NATURE 


A full account of the experiments will be published 
elsewhere. 
We are indebted to Mrs. J. Kidron for technical 
help. 
H. Sosent 
B. Ecxstrer 
Department of Zoology, 
Hebrew University, 
Jerusalem. 
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‘Pheromones’: a New Term for a Class of 
Biologically Active Substances 


Durine the past few decades, investigations have 
been made into various active substances which, 
though they resemble hormones in some respects, 
cannot be included among them. For example, the 
sexual attractants of butterflies are, like hormones, 
produced and secreted by special glands; minute 
amounts cause a specific reaction in the receptor 
organ (the antenna of the male), which eventually 
leads to a state of copulative readiness. Unlike 
hormones, however, the substance is not secreted 
into the blood but outside the body; it does not 
serve humoral correlation within the organism but 
communication between individuals. 

Referring to Starling’s original definition, Bethe! 
called such substances ‘ectohormones’ ; the name has 
been used by some authors but rejected by others. 
The most common definition of hormones to-day is 
that they are the products of endocrine glands. This 
should not be lightly expanded and diluted ; in fact, 
it would be preferable to create and define a new 
term. 

We propose, therefore, the designation ‘pheromone’ 
for this group of active substances. The name is 
derived from the Greek pherein, to transfer ; hormén, 
to excite. Pheromones are defined as substances 
which are secreted to the outside by an individual 
and received by a second individual of the same 
species, in which they release a specific reaction, for 
example, a definite behaviour or a developmental 
process. ‘The principle of minute amounts being 
effective holds. The pheromones, messenger sub- 
stances between individuals, thus take their place 
as a group beside the hormones, the gamones and 
the termones. Having stated that pheromones act 
on individuals of the same species, they must be 
differentiated from other stimulating substances, like 
phagostimulants, scents of flowers and insect repel- 
lents, which Bethe included among the ectohormones. 
Incidentally, strict species-specific activity is not 
required ; certain overlaps between closely related 
species may occur. 
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There are various ways in which the recipient 
organism can detect pheromones. In a review 
shortly to be published, olfactory pheromones are 
distinguished from orally acting ones. The former, 
which can act over considerable distances, are per- 
ceived by chemoreceptors, from which nervous 
stimuli are sent to the central nervous system. If 
this released a certain behaviour, ethologists would 
place the pheromone concerned into the category of 
‘release stimuli’. The introduction of the term has 
been criticized for that reason (Verheijen-Voogd, C., 
personal communication). We nevertheless, on bio- 
logical and biochemical grounds, regard it as sensible 
to mark off the pheromones from other chemical 
stimuli like food odours and others, and from optical, 
acoustic and similar releasers, as special messenger 
substances. It seems to us a fundamental difference 
whether an organism reacts to certain stimuli of the 
environment or creates for itself a means of com- 
munication of this kind. A clear definition of the 
pheromones and their specific action in particular 
cases should be of importance both to, biochemical 
and to ecological research. 

Among the active substances comprising the 
pheromones, most research has been carried out on 
those found in insects*. The queen substance of bees* 
and that of termites‘ inform the colony about the 
presence of the queen; if they are lacking, certain 
behaviour patterns and ovary development in the 
workers result. They act through the mouth, as do 
the active substances of ‘the functional reproductives 
of termites, which inhibit the production of supple- 
mentary reproductives’. Should the hypothesis be 


confirmed, that royal jelly contains a specific develop- 


mental substance, formed in the lateral pharyngeal 
glands of the nurses, this, too, would be a phero- 
mone. It is scarcely surprising that in the social 
insects in particular many pheromones are found, 
for these materials serve the social life of these 
animals. 

The sexual attractants of butterflies and moths‘.’, 
cockroaches* and other insects, as well as the recog- 
nition odours of Hymenoptera®.’*, act through the 
olfactory sense. Lastly, the following substances also 
appear to fall into the category of pheromones: the 
sexual attractants of the Crustacea!!, the warning 
substance of the minnow?*, and probably also the 
territory-marking substances of the Carnivora, though 
here much remains to be solved. 

The action of pheromones taken up orally can 
occur in two different ways. First, they can be 
perceived by the gustatory sense, thus making them 
absolutely analogous to the group of ‘olfactory 
pheromones’. Apparently, the queen substance acts 
in this way (Butler, C. G., private communication). 
Secondly, there is the possibility that they may be 
resorbed in the digestive tract and develop their 
specific action by diffusing into the blood. This mode 
of action has not been proved in any special case. 
Therefore, we regard it as not yet expedient, or at 
least premature, to split the concept or make two 
definitions (for example, ‘pheromones’ acting through 
the senses and ‘telemones’ acting through the blood 
system). Chemoreception (basically a biochemical 
effect, too) and action of a hormone need not be 
contradictory ; there are numerous examples of 
sensory stimuli or psychological excitations causing 
hormone secretion and of hormones releasing psycho- 
logical states or behaviour patterns (nest building, 
parental behaviour). Finally, it is not easy to 
distinguish experimentally between sensory and bio- 
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chemical effects, and therefore a clear classification 
is often just not possible. 

The definition of pheromones has been discussed 
with several colleagues working in the field, and hag 
found approval by A. Butenandt, Munich; (C. G. 
Butler, Rothamsted; D. B. Carlisle, Plymouth; 
R. Chauvin, Burs-sur-Yvette ; P. T. Haskell, Lon. 
don; 3B. Kullenberg, Uppsala; D. Schneider, 
Munich; R. Stumper, Luxemburg. We therefore 
throw the definition given above open for discussion 
and hope that it will prove itself in practice. 

P. Karson 
Max-Planck-Institute for Biochemistry, 
Munich. 
M. Liscner 
Zoological Institute, 
University of Bern. Nov. 12. 
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Carotenoid Pigment in Spirobacillus 
cienkowskii Metchnikoff, a Pathogen of 
Cladocera 


CLADOCERA are often coloured red by hzemoglobin 
in their blood! ; another red pigment has been found 
in specimens infected by Spirobacillus cienkowskii 
which Metchnikoff? described from Daphnia magna 
Straus. The bacterium passes through a series of 
stages within the cladoceran and causes it to assume 
a bright red colour. 

As a general rule less than 1 per cent of a cladoceran 
population shows signs of infection, but I have 
recently found a population of Simocephalus vetulus 
O. F. Miller in which up to 2 per cent of the individuals 
were infected. Several specimens of Sida crystallina 
(O. F. Miller) from the same body of water were 
also found to be infected with the same bacterium. 

About three hundred infected specimens of Simo- 
cephalus were ground uy in water and then centrifuged 
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at low speeds to leave a cloudy red suspension which 
consisted almost entirely of bacteria. When this 
suspension was centrifuged at 9,000 r.p.m. the 
bacteria were all spun down and a colourless fluid 
was left. This demonstrates that the pigment is 
confined to the bodies of the bacteria and is not a 
host reaction. The bacterial sludge was treated with 
acetone, when the pigment was easily extracted, then 
taken into petrol ether (boiling point, 60—80° C.) after 
dilution of the acetone with water. The solution in 
petrol ether was dried over anhydrous sodium 
sulphate and examined in a spectrophotometer. 
Absorption peaks were found at 470, 495 and 530 my 
(Fig. 1,4). The last two peaks are in fair agreement 
with those of rhodoviolascin and those of «-bacterio- 
purpurin, which is probably a demethylated form of 
thodoviolascin®. The first peak is about 10 my too 
far towards the red end of the spectrum. The 
explanation for this was found when uninfected 
specimens of Simocephalus were treated in the same 
way as the infected specimens. An _ olive-green 
supernatant fluid was left after centrifuging ; when 
this was treated with acetone it turned orange. The 
orange pigment was taken into petrol ether after 
dilution of the acetone water phase with more water. 
The absorption curve of the petrol ether solution is 
shown in Fig. 1,B. The single peak at 470 my agrees 
with that of astacene derived from astaxanthin which 
was present in the form of a green carotenoprotein. 
The presence of a small amount of astacene in the 
extract from the infected specimens would account 
for the apparent bathochromic displacement of the 
first peak of the bacterial pigment. 

It is evident from these observations that the red 
pigment is a carotenoid of the «-bacteriopurpurin 
type, and that it is confined to the bacteria. There 
is an indication that the pigment is at least partially 
derived from carotenoid present in the host, because 
the patches of carotenoid protein which normally 
occur in healthy Simocephalus are changed to red 
when the pigment-bearing cells are infected with the 
bacterium. 

J. GREEN 
Zoology Department, 
Bedford College, Regent’s Park, 

London, N.W.1. Oct. 27 
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Adaptive Synthesis of Nitrate Reductase 
in Higher Plants 


_ Apaptive production of enzymes in higher plants 
snot widely recognized, although two examples have 
been reported’. Nitrate reductase systems are 
adaptive to nitrate and nitrite in micro-organisms?.* 
and studies with cauliflower‘ have suggested a similar 
adaptive character in higher plants. Tang and Wu® 
obtained more direct evidence of the adaptive charac- 
ter of this enzyme in rice seedlings germinated for 
five days under sterile conditions and Rijven® 
Teported similar results for wheat embryos germinated 
for 24 hr. These experiments, however, involved 
relatively prolonged periods of contact between 
inducer and tissues undergoing both rapid cell division 
and expansion. 

We have found in numerous tests that production 
of nitrate reductase activity can be rapidly induced 
small fragments of leaves excised from cauliflower 
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Fig. 1. Effect of infiltration with water, molybdenum, nitrate 

and molybdenum plus nitrate on the development of nitrate 

reductase activity (mumole NO,/15 min./mgm. protein) in excised 

leaf fragments of cauliflower grown with different nitrogen and 

molybdenum supplies. Mo at 5 ugm./ml.and NO, at 2-48 mgm./ml. 
in infiltrating solution 
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(Brassica oleracea var. botrytis), white mustard 
(Sinapis alba) and sunflower (Helianthus annuus). 
Fig. 1 shows results of experiments in which nitrate 
or molybdenum, or both, were introduced, by vacuum 
infiltration, into excised fragments of partially or 
fully expanded leaves of cauliflower grown in sand 
culture with ammonium sulphate or nitrate each with 
or without molybdenum. Rapid production of 
enzyme activity occurred on the introduction of 
nitrate into leaf tissues grown with ammonium 
sulphate, often apparently after a lag-period of about 
1 hr. The introduction of molybdenum into leaves 
of plants deficient in molybdenum and grown with 
nitrate had a similar effect, resembling that observed 
in fungi*. Tissues of plants grown with ammonium 
sulphate but without molybdenum responded little 
or not at all to either factor alone, but rapidly 
developed activity when both were present. 

The increases in enzyme activity greatly exceed 
corresponding changes, if any, observed in soluble 
protein content. The conclusion that protein 
synthesis is involved in the production of enzyme 
activity is supported, however, from studies with 
antimetabolites, some of which are known to inhibit 
protein synthesis. Table 1 shows results for cauli- 
flower and mustard obtained with actidione, 1 : 2- 
dichloro-4-(p-nitrobenzenesulphonylamido)-5-nitro- 
benzene (DCDNS) and polymyxin B-sulphate intro- 
duced simultaneously with the other factors. From 
the concentrations ranging between 20 and 300 
ugm./ml. of inhibitors in the infiltrating solutions, 
we tentatively estimate that the concentrations 
resulting in the cells were of the order of 5 x 10-* M 
for actidione and 7 x 10-° M for 1: 2-dichloro-4- 
(p-nitrobenzenesulphonylamido)-5-nitrobenzene. 
Polymyxin was present at 2 mgm./ml. in the infiltrat- 
ing solutions. All three antimetabolites markedly 
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EFFECTS OF ANTIMETABOLITES AS INHIBITORS OF THE SYNTHESIS OF NITRATE REDUCTASE IN EXCISED LEAF FRAGMENTS 
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(2) 
Infiltration 
medium 


(1) 
Plant and nutrient treat- 
ment during growth 


(3) 
Activity (muM NO,/15 min./mgm. protein) in extracts prepared 6-9 hr. after infiltra- 
tion with medium shown, with (+) or without (—) inhibitor, or with water (O) but 
omitting activating treatments in column (2) : 
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inhibited the synthesis of the enzyme in intact 
tissues that were no longer undergoing cell division 
but which were probably capable of further cell 
expansion. The inhibition applied apparently equally 
to the adaptive effect of nitrate and to the determining 
influence of molybdenum on enzyme formation. 
There was no inhibition of activity in vitro. The 
question of absolute adaptive response to nitrate or 
of increased production of a constitutive enzyme 
remains unsettled at this stage. 

Other antimetabolites, including p-fluorophenyl- 
alanine, B-2-thienylalanine, chloramphenicol, 8-azagua- 
nine, 2-thiouracil, 5-methy1-2-thiouricil, streptomycin, 
aureomycin, neomycin, gramicidin, bacitracin and 
tyrothrycin, did not, as tested, inhibit the response 
either to molybdenum or to molybdenum and nitrate 
together. Chloramphenicol and aureomycin may, 
however, inhibit protein synthesis less in cell-free 
preparations from plants’ than from bacteria, and even 
bacteria may show varying tolerance to the effect of 
chloramphenicol on the adaptive synthesis of nitrate 
reductase’. 

The results in Fig. 2 suggest that nitrate reductase 
is relatively labile in vivo and may decrease in excised 
or attached leaves with time unless stabilized by the 
continued presence of the substrate. Other experi- 
ments have shown that infiltration with the inhibitory 
antimetabolites alone, of tissues already possessing 
activity, causes a further marked decrease in activity 
with time as compared with the effects of water as 
control. It is possible, therefore, that the enzyme is 
de-adaptive and that there is a rapid ‘turn-over’ in 
terms of simultaneous synthesis and breakdown. 
In the absence of a significant substrate concentra- 
tion there would bea steady net decrease, greatly 
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The full details of this and continued investigations 
will be published elsewhere. We wish to thank Dr. 
D. W. Woolley of the Rockefeller Institute, New 
York, for a generous gift of 1 : 2-dichloro-4-(p-nitro- 
benzenesulphonylamido)-5-nitrobenzene. The award 
of a Colombo Plan Overseas Studentship to one of us 
(M. M. R. K. A.) is gratefully acknowledged. 

E. J. Hewrirt 
M. M. R. K. Arripr 
Agricultural Research Council 
Unit of Plant Nutrition (Micro Nutrients), 
Research Station, 
Long Ashton, Bristol. 
Oct. 11. 

1 Tolbert, N. E., and Cohan, M. S., J. Biol. Chem., 204, 639 (1953): 
Galston, A. W., and Dalberg, L. Y., Amer. J. Bot., 41, 373 (1954). 
Jensen, W. A., Plant Physiol., 3€, 426 (1955). 

® Pollock, M. R., and Wainwright, 8S. D., Brit. J. Exp. Path., 2%, 
223 (1948). Wainwright, S. D., ibid., 81, 495 (1950). 

* Cheniae, G., and Evans, H. J., “Inorganic Nitrogen Metabolism”, 
184, edit. by McElroy, W. D., and Glass, B. (Johns Hopkins 
Univ. Press, Baltimore, 1955). Nason, A., and Evans, H. J., 
J. Biol. Chem., 202, 655 (1952). Nicholas, D. J. D., Nason, A., 
and McElroy, W. D., ibid., 207, 341 (1954). Kinsky, S. C., and 
McElroy, W. D., Arch. Biochem. Biophys., 78, 466 (1958). 

‘ Hewitt, E. J., Fisher, E. G., and Candela, M. I., Long Ashton Res. 
Sta. Ann. Rep., 202 (1955). Candela, M. I., Fisher, E. G., and 
Hewitt, E. J., Plant Physiol., 32, 280 (1957). 

5 Tang, P. S., and Wu, H. Y., Nature, 179, 1355 (1957). 

* Rijven, A. H. G. C., Austral. J. Biol. Sci., 11, 142 (1958). 

* Webster, G. C., Plant Physiol., 31, 48 (1956). 

* Ramsey, H. H., Nature, 182, 602 (1958). 


Effects of Gibberellic Acid on Development 
of Autumn Colour and Leaf-fall of Deciduous 
Woody Plants 


GIBBERELLIC ACID does not affect petiole abscission 
in Coleus explants'!, but we have found that trest- 
ment of some intact deciduous woody plants with 
gibberellic acid markedly influences development of 
autumn foliage colour and leaf-fall. 

Gibberellic acid was applied as an aqueous spray 
(0-005 per cent gibberellic acid, 0-01 per cent 
‘Tween 20’, 1-0 per cent glycerol) to all leaves of a 
selected branch on each plant ; a comparable branch 
was sprayed with the inert constituents of the spray 
fluid, but on no occasion did this control treatment 
produce any observable effect as compared with 
unsprayed parts of the plant. The first application 
of spray was made on August 11, 1958, and thereafter 
at weekly intervals. 

Little or no effect was noticed with Acer rubrum L., 
Castanea sativa Miller, Fagus sylvatica L., Quercus 
robur L., or Ulmus procera Salisb. Gibberellic acid 
delayed development of autumn colours and Ileal: 
abscission in the following: Acer pseudoplatanus L., 
Betula verrucosa Erhr., Fraxinus excelsior L., Lari 
dendron tulipifera L., Parthenocissus tricuspidata 
Planch., Prunus avium L .and a Rhododendron x 
molle cultivar. The most striking effects wer 
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noticed with Fraxinus excelsior, 
Prunus avium and Acer pseudo- 
nus; all leaves were still quite 
n on November 21, whereas 
all leaves from untreated branches 
had fallen. Only slightly less 
striking was the effect on Tirio- 
dendron tulipifera ; on November 
21 nearly all treated leaves were 
still green, whereas all other leaves 
remaining on the tree were bright 
yellow. 
“In complete contrast, develop- 
ment of autumn colour and ab- 
scission of short shoots and leaves 
of Taxodium distichum Rich. was 
advanced by treatment with gib- 
berellic acid. The leaves turned 
bronze in colour shortly after the 
first treatment, and all leaves on 
treated branches had fallen by 
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October 20; whereas bronzing of 
leaves on untreated branches was 
only beginning at that date, and 
leaf-fall was only partial on Novem- 
ber 21. 

Shoot extension had ceased in 
most of these plants at the time of 
the first treatment. Lateral and apical buds resumed 
activity, and new shoots and leaves were formed as a 
result of treatment with gibberellic acid in Acer pseudo- 
platanus, Betula verrucosa and Liriodendron tulipifera. 

Thus most species treated with gibberellic acid 
gave one or more of the following responses: delay 
in development of autumn foliage colour, delay of 
leaf-abscission, renewal of shoot growth. These are 
characteristic responses to long-day conditions*.*, and 
this result affords one more example of the induction 
by gibberellins of typical long-day responses‘. The 
anomalous result with Taxodium distichum awaits 
explanation. 


Fig. 1. 
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Gibberellin Effects on Photoperiod- 
controlled Growth of Weigela 


Weigela, a woody ornamental plant, produces 
winterrupted vegetative extension when grown at 
photoperiods in excess of 14 hr,, whereas at shorter 
photoperiods (<14 hr.) vegetative growth ceases, 
and the plant enters a dormant condition!-*, This 
communication describes the replacement of the 
photoperiodic requirement for the vegetative develop- 
ment of Weigela with gibberellin applied to plants 
gown under a short photoperiod, and the acceleration 
of growth under a long photoperiod. 

Two-year-old plants of Weigela cl. ‘Vanicek’ were 
gtown in pot cultures in a greenhouse at an 18-hr. 
photoperiod and 16° C. night temperatures until 
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growth-rates were well established (shoot elongation 
of 4-0 cm./week). Plants were selected for uniformity, 
pruned to five vegetative shoots, and six plants 
subjected to each of the following treatments: 
(a) retained at an 18-hr. photoperiod; (6) treated 
with gibberellin and retained at an 18-hr. photo- 
period; (c) transferred to a 9-hr. photoperiod ; 
(d) treated with gibberellin and transferred to a 9-hr. 
photoperiod ; (e) transferred to a 9-hr. photoperiod 
and treated with gibberellin after dormancy was 
induced (4 weeks). Gibberellin treatment consisted 
of a single foliar spray of 50 p.p.m. (acid equivalent) 
of potassium gibberellate (potassium gibberellate was 
presented by Merck and Co., Inc., Rahway, N.J.) 
plus 0-1 per cent “Tween 20’ (polyoxyethylene sorb- 
itan monolaurate supplied by courtesy of the Atlas 
Powder Co., Wilmington, Delaware) as a wetting 
agent. All plants were exposed to 9 hr. of natural 
daylight. Those under an 18-hr. photoperiod were 
exposed for an additional 9 hr. to artificial light 
(30 foot-candles from 60-watt incandescent-filament 
lamps). 

A single foliar spray (50 p.p.m.) of gibberellin on 
Weigela subjected to the 9-hr. photoperiod resulted in 
continued shoot elongation during the course of the 
experiment. Comparable plants not treated with 
gibberellin ceased vegetative extension (Fig. 1, left), 
and formed rosettes after three weeks. Dormancy, 
induced by a short (9:hr.) photoperiod, was broken, 
and growth-rates in excess of those in non-treated 
plants grown at an 18-hr. photoperiod were estab- 
lished. After eight weeks the length of shoots on 
plants treated with gibberellin at the 9-hr. photo- 
period exceeded that of the non-treated plants at the 
same photoperiod by 65 per cent. The growth of 
shoots of the treated plants in the short photoperiod 
(treatment d) compared favourably with, and even 
exceeded (by 15 per cent) those for the non-treated 
plants retained at the 18-hr. photoperiod (treatment 
a). Thus, the photoperiodic requirement for vegeta- 
tive elongation and breaking the photo-induced 
dormancy was replaced with gibberellin. The effect 
of gibberellin, at the short photoperiod, began to 
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diminish after 3 or 4 weeks as indicated by the 
decreasing growth -rate. 

Gibberellin also promoted growth in Weigela at the 
18-hr. photoperiod, and this increased rate of growth 
was maintained throughout the experiment (Fig. 1, 
right). Growth of shoots, eight weeks after gibberellin 
treatment, at the 18-hr. photoperiod, exceeded that 
of the non-treated plants by 63 per cent. 

The gibberellin-promoted increase in shoot exten- 
sion at the 18-hr. photoperiod was primarily attri- 
buted to an increase in length of internodes, while at 
the 9-hr. photoperiod both length and the number of 
nodes were increased. 

Leaves on treated plants were generally longer, 
narrower, and paler green than those on non-treated 
plants at both photoperiods. 

Gibberellin applied to Weigela plants grown under 
a 9-hr. photoperiod induced growth of shoots and 
broke the photo-induced dormancy, hitherto possible 
only with long photoperiods. Furthermore, gib- 
berellin accelerated the rate of growth of Weigela 
when grown under a photoperiod conducive of 
continuous vegetative extension. 

Martin J. Bukovac 
Harotp Davipson 

Department of Horticulture, 

Michigan State University, 
East Lansing, 
Michigan. Oct. 20. 


1 Davidson, H., and Hamner, C. L., Mich. Agric. Exp. : ‘ 
paul, 40, 327 (1987). ee ae 
* Downs, R. J., and Borthwick, H. A., Proc. Amer. Soc. Hort. Sci., 

68, 518 (1956). 
* Nitsch, J. P., Proc. Amer. Soc. Hort. Sci., 70, 526 (1957). 


Interaction between Kinetin and Indoleacetic 
Acid in the Control of Bud Reactivation in 
Splachnum ampullaceum (L.) Hedw. 


Ir has been shown! that the apical region of the 
gametophore of Splachnum ampullaceum (L.) Hedw. 
inhibits both 'ateral bud reactivation throughout the 
gametophore and protonematal regeneration from 
the base of the gametophore. These apical dominance 
effects could be replaced by the application of indole- 
acetic acid to the tips of decapitated plants. 

Recently, Wickson. and Thimann? presented evi- 
dence which indicates that apical dominance in 
Pisum sativum in terms of the inhibition of lateral 
bud reactivation is governed by an interaction of 
kinetin or kinetin-like factor and auxin. 

The experiments described in the present communi- 
cation were undertaken with the following questions 
in mind: (1) Is an interaction between kinetin and 
auxin similar to that found by Wickson and Thimann 
responsible for reactivation phenomena in the gameto- 
phore ? (2) If so, are the mechanisms of correlation 
inhibiting lateral bud reactivation and protonematal 
regeneration from the base of the gametophore 
identical or different for these apical dominance 
effects ? This question remained an open one in the 
investigation mentioned abovel. 

The male strain of Splachnum ampullaceum was 
used. Plants were reproduced vegetatively and the 
gametophores treated were always 20-21 days old. 
They were grown on Beijerinck’s inorganic solution 
plus 1 per cent agar. The pH of the medium was 
adjusted to 6-0. The plants were kept under con- 
tinuous artificial illumination with fluorescent (day- 
light) lamps. The compounds tested were inis- 
tered in small blocks containing 2 per cent agar 





Table 1. LATERAL BuD REACTIVATION AND PROTONEMATAL Rp. 
GENERATION Four DAYS AFTER THE BEGINNING OF TREATMENT 
































r 
} Percent- | Reactiva- | Length of | 
| ageofbud| tion of longest | No. of 

Treatment reactiva- basal branch | proto- 
tion bud* (mm.) | nemata| 
Intact 0 0 oo 98 | 
Decapitated + water 84 70 | 0-418 | 4 | 
Decapitated + IAA | 
(1 mgm. /ml.) 0 0 | os 31 
| Decapitated + K 
| (1 mgm./ml.) 90 100 0-350 | 41 
Decapitated + IAA | | 
| (1 mgm./ml.) + K | 
(1 mgm./ml.) 79 80 | 0-291 33 
Decapitated + IAA | 
| (1 mgm./ml.) + K 
(1 x 10-* mgm./ml.) 60 40 i; O258 | &1 
Decapitated + LAA | 
(1 mgm./ml.) + K | 
(1 x 10-* mgm./ml.) 45 10 0-220 | 380 
| Decapitated + IAA | 
(1 mgm./m1.) + K | | | 
| (1 x 10-* mgm./ml.) 42 0 | 0-125 29 
\ 
*Determined as number of most basal branches/10 plants x 100. 


placed on the tips of decapitated plants immediately 
following decapitation. Lateral bud reactivation 
and basal regeneration were examined four days after 
the beginning of the treatment. The blocks were 
changed twice per day over the four-day period. The 
amount of bud reactivation realized was taken as 
number of branches/number of axils x 100. The 
results are given in Table 1. Kinetin was obtained 
from the H. M. Chemical Co., Ltd., Santa Monica, 
California. 

It may be seen from these results that the apical 
region inhibits lateral bud reactivation completely 
at this stage of gametophore development and that 
it has a depressing effect on the realization of re- 
generative potentialities at the base of the gameto- 
phore. Both these apical dominance effects can be 
replaced by the application of indoleacetic acid (IAA) 
at the given concentration to the tip of the decapitated 
gametophore. Kinetin (K) is seen to have a strong 
antagonistic effect on the action of indoleacetic acid 
in that it promotes lateral bud reactivation in the 
presence of indoleacetic acid. Kinetin does not seem 
to have any effect in counteracting the action of 
indoleacetic acid on basal regeneration. 

These results indicate, therefore, that an interaction 
between kinetin and indoleacetic acid may control 
reactivation of lateral buds in the gametophore similar 
to the situation described by Wickson and ‘Thimann 
for Pisum sativum. Since kinetin does not counter- 
act the effect of the apex or indoleacetic acid on the 
depression of basal regeneration, it may be concluded 
that the mechanisms of correlation mediating apical 
dominance in terms of the inhibition of lateral bud 
reactivation and the depression of basal protonematal 
regeneration are not identical. 

Since both kinetin and indoleacetic acid have to 
migrate from the tip of the decapitated plant to its 
base, the site of protonematal regeneration, it could 
be maintained that the failure of kinetin to counteract 
the effect of indoleacetic acid in this latter phe- 
nomenon may be due to differences in the trans- 
location of these two compounds, for example, due 
to differences in inactivating principles. To test this 
possibility, the percentage of reactivation of the most 
basal bud was examined for the various treatments. 
The results are given in the second column of Table 1. 
They indicate that kinetin also antagonizes the i 
hibitory effect of indoleacetic acid on reactivation 
in the most basal bud. Since this bud is rather close 
to the base of the gametophore, the site of 
regeneration, it may be concluded that differences 
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in translocation between the two compounds prob- 
ably cannot be the basis for the ineffectiveness of 
kinetin in counteracting the inhibitory effect of indole- 
acetic acid on basal regeneration. Hence the mech- 
anisms governing correlative inhibition of lateral bud 
reactivation and basal protonematal regeneration by 
the apical region of the gametophore appear to be 
different from each other. 

It should be mentioned here that Gorton and Eakin* 
have investigated gametophore initiation in the proto- 
nemata (induction of “dauermodifikation’’*) of 
Tortella caespitosa. Bud initiation was found here 
to be inhibited by high concentrations of auxin, and 
was strongly stimulated by kinetin. Kinetin reversed 
the inhibition of bud formation brought about by 
napthalene acetic acid. It seems, therefore, that 
certain stages in the induction of ‘“dauermodifika- 
tion”, that is, bud initiation in the protonemata, 
and lateral bud reactivation in the gametophore may 
be mediated by the same mechanism. 

This study was supported by a grant from the 
National Research Council of Canada. Technical 
assistance by Miss Veronika Ruf is gratefully acknow- 


ledged. 


Botanical Laboratories, 
Dalhousie University, 
Halifax, Nova Scotia. 
Oct. 21. 
' MacQuarrie, I. G., and Maltzahn, K. E. von, Can. J. Bot. (in prep- 
aration). 
ei Margaret, and Thimann, K. V., Physiol. Plant., 11, 62 


K. E. von MatrzaHn 


‘Gorton, B. S., and Eakin, R. E., Bot. Gaz., 119, 31 (1957). 
‘ Binning, E. , ““Entwicklungs- und pomemamnrace der Pflanze’’, 
271 (Springer-Verlag, Berlin-Géttingen-Heidelberg, 1953). 


Temperature and Symbiotic Nitrogen 
Fixation 


MopERATELY high temperatures have been found 
to exert a specific inhibitory effect on symbiotic 
nitrogen fixation. The results of an experiment 
illustrating this effect ave given in Table 1. 

Table 1. E¥FECT OF TEMPERATURE, INOCULATION WITH Rhizobium, 


AND PoTassiUM NITRATE ON THE YIELD AND PERCENTAGE PROTEIN 
NITROGEN OF SUBTERRANEAN CLOVER (MEANS OF FOUR REPLICATES) 


co— 






































| Yield of dry Protein nitrogen 
| | matter per tube in plants 
Treatment | (mgm.) (per cent) | 

| 20°C. | 30°C. | 20°C. | 30°C. | 

| Without nitrogen or 

| Rhizobium — oe 38-0 | 35-2 | 1:35 | 1-54 
Inoculated with Rhizobium 54°5 35°3* | 2-66 1-69* | 
With potassium nitrate 56-8 62-0 2-59 2-55 

| Standard error expressed | ‘5 OP ' 

| 8 percentage of mean 4-9 per cent 43 percent | 





- ~~ —| 


* Interaction between form of nitrogen (Rhizobium v. potassium 
nitrate) and temperature is significant at P < 0-001 for both yield 
and percentage protein nitrogen. 


For this experiment, subterranean clover (Trifolium 
sublerraneum L. var. Bacchus Marsh) plants were 
gfown on nitrogen-free nutrient agar in test-tubes 
Which were stood in temperature-controlled water- 
baths in a glasshouse. The results show that the 
uninoculated plants responded normally to nitrogen 
treatment at both temperatures. By contrast, plants 
moculated with Rhizobium fixed nitrogen and grew 
normally only at the lower temperature. The inocu- 

plants were well nodulated at both temperatures. 





NATURE 


61 


Thus the symbiotic nitrogen fixation process was 
specifically inhibited at the higher temperature. 

We have investigated the hypothesis that this 
inhibitory effect of high temperature is due to a 
decrease in the supply of soluble carbohydrate to the 
nodule, resulting from an increase in the rate of 
respiration. The addition of sucrose to the culture 
medium in aseptic cultures did not increase the 
amount of nitrogen fixed at either the high or low 
temperature. The sucrose increased the yield of the 
plants but decreased the percentage nitrogen, 
indicating that the added sucrose was taken up by 
the plants but was not required directly for nitrogen 
fixation. We have therefore begun to examine the 
possibility that the high temperature has induced 
the deficiency of some other metabolite essential for 
symbiotic nitrogen fixation. 

These findings also raise a number of other interest- 
ing problems. One of these concerns the reported 
harmful effects of high light intensity on symbiotic 
nitrogen fixation. This was first reported as long 
ago as 19351.2, when shading was shown to have a 
remarkable effect in breaking the nitrogen-hunger 
period in legumes. This response to shading was 
interpreted in terms of an effect on light intensity 
and photosynthesis. In our experiments we have 
been able to obtain marked responses and apparently 
normal growth of clover under the conditions of high 
light intensity of our summer by cooling the plants. 
It would appear that there is a need to determine in 
greater detail the relative effects of high temperature 
and high light intensity on symbiotic nitrogen fixation. 

The significance of these findings in relation to the 
culture of legumes under experimental and field 
conditions is also an important matter for investiga- 
tion. We have evidence that these effects are of 
importance in the culture of legumes in glasshouses 
in warmer weather, not only where the plants are 
grown in test-tubes, but also for larger pots. In fact 
the present work arose from observations made 
during the course of a pot culture experiment con- 
ducted. during 1957, when it was found that sub- 
terranean clover grown in soil in pots made of clear 
polystyrene plastic were stunted and pale green in 
comparison with the larger dark green plants in 
corresponding enamelled pots. The reason for this 
difference was traced to the considerably higher soil 
temperature in the clear plastic pots. Since becoming 
aware of this effect we have obtained unmistakable 
evidence of suboptimal symbiotic nitrogen fixation 
in clover grown in various kinds of pots where soil 
temperatures have exceeded about 25° C. 

We have no direct evidence on the possible effects 
of high temperatures on symbiotic nitrogen fixation 
under field conditions. In view of the temperatures 
involved it would seem that such effects may be of 
significance, particularly under irrigation in the 
warmer months, or in tropical and sub-tropical 
environments. 

Full details of the experiments that have been 
done on this problem will be published elsewhere. 


D. R. MEyvEer 
A. J. ANDERSON 
Division of Plant Industry, 
Commonwealth Scientific and 
Industrial Research Organization, 
Canberra. 
Sept. 25. 
1 Orcutt, F. S., and Fred, E. B., J. Amer. Soc. Agron., 27, 550 (1935). 


Fred, E. B., Wilson, P. W., and Wyss, O., Proc. U.S. Nat. Acad. 
Sei., 24, 46 (1938). 





62 NATURE 


Electrophoretic Patterns of Mealworm 
Proteins 


THE literature concerning insect proteins is, 
generally, represented by analyses of single develop- 
mental stages, usually immature, hemolymph being 
the principal fluid investigated. The results of these 
studies show that the protein component fluctuates 
during development!-*. This communication shows 
the variations for the protein component of the 
mealworm Tenebrio molitor, during its developmental 
stages. The method employed, electrophoresis, 
seems to be a useful facility for investigations of this 
nature, since electrophoretic patterns of proteins are 
distinctive. Specific pattern characteristics have 
been reported for developmental stages of mammals‘, 
closely related species of reptiles*.’, and amphib- 
ians®.®. 

The insects were raised in the laboratory on a diet 
of chicken mash and grain and a daily ration of water. 
Eggs, laid in white flour, were harvested daily, and 
white larve, pupe and adults were collected within 
one hour following their emergence. In this manner 
timed records were maintained for each phase of the 
life-cycle. Approximately 100 mgm. of eggs, newly 
emerged and 14-day-old larvee were separately homo- 
genized in 1 ml. of water in a tissue homogenizer. 
The posterior abdominal segment of pupz and adults 
was severed and the body contents extruded into 
separate weighing vials containing 1 ml. of water 
until 100 mgm. had been collected. The samples 
were centrifuged and the supernates retained for 
electrophoresis. 0-02-ml. volumes of extract were 
applied to Whatman No. 1 filter paper strips for 
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Fig. 1. Paper electrophoresis patterns of the mealworm Tenebrio 
maker , at various stages of development. Extract, 0-02 ml., 
was applied at 0 cm.; anode is to the right 
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analysis (‘Spinco’ electrophoretic system, barbital 
buffer pH 8-6, ionic strength 0-05, 5 m.amp., 16 hr), 
The strips were dried at 120° C. for 30 min., stained 
with light green SF *° and scanned with a recording 
densitometer (‘Spinco Analytrol’). 

The electrophoretic patterns in Fig. 1 show two 
distinct anodal fractions for all stages except” the 
14-day-old larve. The slower migrating fraction 
shows a well-defined band between —1 and 1 em, 
from the point of origin. The faster fraction is wel] 
resolved between 4 and 6 cm. from the point of 
origin. 

A comparison of the four stages discloses a uni- 
formity in pattern for the slow fraction. Its concen. 
tration decreased as each phase of the developing 
mealworm progressed towards maturity. The fast 
fraction patterns are more variable. The peak is 
greater than that of the slow fraction for the egg and 
5-day-old pupz, approximately equal for the adults 
and the 9-day-old pupz, and lower for the remain- 
ing groups. The eggs and pupz also show alternation 
of the high peaks for the two fractions during their 
respective growth periods. A similar pattern prevails 
for the l-hr. and 5-day-old pupz. The trough 
separating the two peaks is relatively low for the ova 
and adults. The mid-pattern of the pupe depicts a 
distinct rise and fall in concentration with increasing 


e. 

These results show, generally, the direction of 
change for each stage of development and suggest 
the influence of basic growth activities. The results 
display the same type of variation as do morphological 
and physiological factors in bringing about protein 
changes in response to a modification of immature 
tissues for the subsequent building of the mature 
structure. 

This study suggests the value of paper electro- 
phoresis in revealing characteristics of insect proteins 
for investigating the comparative physiology of 
life-cycle activities. 

D. 8. Po-CHEDLEY 


D’Youville College, 
Buffalo, 1, 
New York. 

Oct. 17. 


1 Heller, J., C.R. Soc. Biol., Paris, 90, 1360 (1924). 

? Ludwig, D., and Rothstein, F., Phys. Zoél., 25, 263 (1952). 

*’ Ludwig, D., Phys. Zodél., 27, 325 (1954). 

* DelVecchio, R. J., J. New York Ent. Soc., 68, 141 (1955). 

5 Barboriak, J. J., Meschia, G., Barron, D. H., and Cowgill, G. R., 
Proc. Soc. Exp. Biol. and Med., 98, 635 (1958). 

* Rutquist, L., Amer. J. Vet. Res., 19, 25 (1958). 

? Dessauer, H. C., and Fox, W., Proc. Soc. Exp. Biol. and Med., 98, 
101 (1958). 

® Deutsch, H. F., and McShan, W. H., J. Biol. Chem., 180, 219 (1949). 

* Dessauer, H. C., and Fox, W., Science, 124, 225 (1956). 

10 Rideout, L. A., and Prichard, R. W., Science, 121, 374 (1956). 


Environmental Temperature and the 
Reptilian Nervous System 


Ir has been found that the terminal plexus of the 
reptilian brain undergoes marked changes with the 
environmental temperature. 

Lizards (Lacerta viridis) have been kept at 19° ©. 
and at 32 + 3° C. for periods up to 8 weeks. Some 
of the animals (twenty-four) were killed by perfusion 
with saline followed by 10 per cent neutralized formol 
saline under ether or urethane anzsthesia, and the 
brains were prepared by the Holmes method. Other 
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lts Figs. 1 and 2. The large-celled layer of the hippocampus. Animal 

cal kept at 19° C. 

pin Fig. 3. The large-celled —. Sg hippocampus. Animal kept 
at 32°C. 


ire 

| Fig. 4. The nucleus sphericus. Animal kept at 32°C. All 

Ire figures taken from a. preparations at the same mag- 
nification 


ins animals (five) were decapitated under ether anzsthe- 
of sia and the brains prepared by the Nonidez technique. 

Observations have been confined to the large-celled 
, layer of the hippocampus, the nucleus sphzricus 
(posterior hypopallium) and the nuclei of the seventh 
and eighth cranial nerves. 

Lizards that had been kept at 19° C. for 8 weeks 
showed a large number of well-stained terminal rings 
and a few swollen fibres distributed among the cells 
of the large-celled layer of the hippocampus and in 
the cranial nerve nuclei (Figs. 1 and 2). The fine- 
fibre plexus of the nucleus sphericus showed irre- 
gular staining suggestive of degenerative changes. 

Animals that had been kept at 32 + 3° C. showed 
relatively few rings in any of the cell groups inves- 
tigated (Fig. 3). In the nucleus sphericus a number 
98, of solid blobs 1-31 in diameter appeared in the 
49). regularly stained fibre plexus (Fig. 4). These blobs 
only appeared after the animals had been kept at 
). 32°C. for about three weeks. They continued to 
increase in size and number up to eight weeks. 

Lizards obtained fresh from the dealers showed the 
typical cold picture in some groups of animals and 
a intermediate picture in others. 

These differences are independent of the anzsthetic 

the or the method of preparation. It is probable that 
the ff ‘hey are related to the neurofibrillar thickening that 
Tello! and Cajal* found in hibernating reptiles. 
_ The changes that have been found may give further 
information about the nature of the finer terminals. 
i of the appearances of rings, swollen fibres and 
lobs are suggestive of degeneration in fine terminal 
ramifications and could be mistaken for degeneration 
Products of experimental lesions. 
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We wish to thank Miss B. Shirra for the histolog- 
ical preparations and Mr. J. Armstrong for the 


photographs. 
B. B. Boycotr 


Zoology Department, 
R. W. GuILLERY 


Anatomy Department, 
University College London, 
Gower Street, 
London, W.C.1, 

Oct. 24. 


1Tello, J. F., Trab. Lab. Invest. biol. Univ. Madrid, 3, 9 (1904). 
* Cajal, 8. R., Trab. Lab. Invest. biol. Univ. Madrid, 3, 113 (1904). 


A Hepatotoxin from Sporidesmium bakeri 
capable of producing Facial Eczema Diseases 
in Sheep 


A PREVIOUS communication! reported that spores 
of a fungus identified as Sporidesmium bakeri Syd. 
contained the ‘beaker test’ substance found to be 
associated with toxicity of pasture samples on which 
the disease known as facial eczema had occurred. 

In initial experiments mycelial felts grown on 
Raulin-Thom and Czapek—Dox media failed to 
produce liver lesions when fed to guinea pigs. The 
material so fed was also negative to the ‘beaker test’. 
Subsequent experiments with a high-sporing strain 
of the fungus, grown on potato—carrot extract 
medium, produced liver damage in guinea pigs, 
indistinguishable from that obtained after feeding 
hepatotoxic grass. The material fed comprised a 
mixture of mycelial felts, spores and medium. Similar 
fungal material produced liver lesions characteristic 
of facial eczema in lambs. Later a clinical case 
showing typical icterus and photosensitization was 
produced. 

The specific nature of the liver lesions was diagnosed. 
in both guinea pigs and lambs by D. C. Dodd, of 
Ruakura. The assistance is acknowledged of D. J. 
Ross of the Soil Bureau and W. Crawley of Ruakura 
in cultural methods and E. P. White of Ruakura in 
chemical work. 

Experiments are being planned to determine 
whether the hepatotoxin of this fungus is also 
responsible for facial eczema as it occurs in the field. 

R. H. THornron 
Biology Division, 
Soil Bureau, 
Department of Scientific and Industrial Research, 
Wellington, New Zealand. 
J. C. PERctvaL 


Ruakura Animal Research Station, 
Department of Agriculture, 
Hamilton, New Zealand. 
Nov. 5. 


' Percival, J. C., and Thornton, R. H., Nature, 182, 1095 (1968). 


A Bacterium with Fungicidal Activity 


In a recent communication, Percival and Thornton? 
referred to the relationship between fungal spores and 
a test for hepatotoxic grass. It has since been shown 
that the fungus is Sporidesmium bakeri Syd. and is 
the source of the hepatotoxin which causes the 
specific liver damage which occurs in the disease 
known as ‘facial eczema’. In connexion with this 
work, we.have isolated a strain of B. subtilis which 
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has a marked inhibitory effect on the growth of this 
fungus on culture media. Further investigations are 
being carried out to determine its of anti- 
biotic activity and its relationship to the fungus in 
the field. 
W. E. Craw Ey 
D. C. Dopp 
Ruakura Animal Research Station, 
Department of Agriculture, 
Hamilton, 
New Zealand. 


* Percival, J. C., and Thornton, R. H., Nature, 182, 1095 (1958). 


Rutin in Tobacco grown in a Greenhouse 


Ir has been reported'-* that leaf from tobacco 
grown in a greenhouse contains no rutin and in general 
much less polyphenolic material than leaf from plants 
grown in the field, and it has been concluded that the 
filtering action of the greenhouse glass to ultra-violet 
irradiation is responsible for certain of these differ- 
ences. However, Frey-Wyssling and Babler! were 
able to show that when greenhouse plants were 
irradiated with ultra-violet light the chlorogenic acid 
content of the leaves was increased, but that rutin 
was still absent, which implies that the apparent 
absence of rutin is not due to limited ultra-violet 
irradiation. 

We have recently experimented in this Department 
with the flue-cured tobacco variety Hicks in order to 
see if satisfactory leaf can in fact be grown under 
glass. The plants were grown both in clay pots and 
polyethylene buckets containing washed quartz sand 
using the nutrient solution developed by McEvoy* 
supplied by means of a drip-feed system. The plants 
were handled in a similar manner to tobacco grown 
in the field; they were topped at sixteen leaves 
and suckers were removed as they appeared. The 
leaves were harvested as they became mature and 
cured in a small cabinet. After curing, the leaves had 
the appearance of tobacco grown in the field, and 
comparable plant yields were obtained. 

Aqueous extracts of the green and cured leaves 
were examined for polyphenols by means of one- and 
two-dimensional paper chromatography®, and in 
agreement with other workers it was found that the 
total amount of polyphenolic compounds was less 
than in field-grown tobacco. However, rutin (quer- 
cetin-3-rhammnoglucoside) was present in the extracts. 
No other flavonols or flavonol glycosides could be 
detected on the chromatograms. A useful spray 
reagent for the detection of flavonols consists of a 
freshly prepared mixture of equal volumes of boric 
acid (1 per cent in acetone) and citric acid (10 per 
cent in acetone). With this reagent the rutin spot 
turns yellow and shows a greenish-yellow fluorescence 
under ultra-violet light. 

The rutin contents of several samples of cured 
greenhouse-grown tobacco were determined using a 
modification (Weaving, A. 8., unpublished method) 
of the methods proposed by Wilson* and Guseva 


Table 1. RurTIN CONTENTS OF GREENHOUSE-GROWN TOBACCO 








Clay pot Polyethylene bucket 
(per cent) (per cent) 
Third harvest 0-24 0-23 
harves' 0-24 0-24 
Fifth harvest 0-29 0:28 
Sixth harvest 0°37 0-33 
Seventh harvest 0-39 0-43 
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and Nestyuk’. It may be mentioned here that the 
method used by Turner® was not suitable owing to 
the interference by chlorogenic acid. The results 
obtained are given in Table 1 and are expressed on 
@ moisture-free basis. 

These rutin contents are much lower than those of 
field-grown flue-cured tobacco, for which we have 
found values ranging from 1-0 to 1-7 per cent 
(Weaving, A. S., unpublished results). 

It has been shown by Penn and Weybrew that 
cultural and curing practices can greatly influence 
the polyphenol content of tobacco grown in the field, 
and this aspect is now under investigation with 
greenhouse plants. 

Thanks are due to the Directors of the Imperial 
Tobacco Company (of Great Britain and Ireland), Ltd., 
for permission to publish this communication. 


T. P. Ferouson 
A. 8. WEAviInG 
Research Department, 
The Imperial Tobacco Co., Ltd., 
Raleigh Road, 
Bristol 3. Nov. 6. 


1 Frey-Wyssling, A., and Babler, S., Experientia, 18, 399 (1957). 

* Penn, P. T., and Weybrew, J. A., Tobacco Sci., 2, 68 (1958). 

* Dawson, R. F., and Wada, E., Tobacco Sci., 1, 18 (1957). 

“McEvoy, E. T., Scient. Agric., 25, 489 (1945). 

® Weaving, A. S., Tobacco Sci., 2, 1 (1958). 

* Wilson, C. W., Weatherby, L. 8., and Bock, W. Z., Indust. Eng. 
Chem. (Anal. ed.) 14, 425 (1942). 

7 Guseva, A. R., and Nestyuk, M. N., Biokhimiya, 18 (4), 480 (1953). 

*Turner, A., Anal. Chem., 24, 1444 (1952). 


HISTORY OF SCIENCE 


Inertial Navigation 


THE recent voyage of the submarine Nautilus below 
the polar ice has caused interest to be focused on the 
subject of ‘inertial navigation’. This recalls to mind 
@ communication which was published in Nature 
(7, 483; 1873). A correspondent, Joseph John 
Murphy of Co. Antrim, discounted the idea that “the 
instinct of direction in animals is of the same kind 
as the faculty by which men find their way” and 
suggested instead a mechanical analogy basically 
identical with ‘inertial navigation’, namely : 

“If a ball is freely suspended from the roof of & 
railway carriage it will receive a shock sufficient to 
move it, when the carriage is set in motion : and the 
magnitude and direction of the shock . . . will depend 
on the magnitude and direction of the force with 
which the carriage begins to move...” “.. . every 
change in . . . the motion of the carriage . . . will 
give a shock of corresponding magnitude and direction 
to the ball. Now, it is conceivably quite possible, 
though such delicacy of mechanism is not to be hoped for 
[my italics, D. C.], that a machine should be con- 
structed . . . for istering the magnitude and 
direction of all these shocks, with the time at which 
each occurred . . . from these data the position of the 
carriage . . . might be calculated at any moment. 

Murphy went on to detail the possible mechanism 
by reference to the recording anemometers of his 
day, and even suggested dial indication of instan- 
taneous distance and direction from the starting point. 

D. CHILTON 
Department of Astronomy and Geophysics, 
Science Museum, 
London, 8.W.7. 
Oct. 9. 
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FORTHCOMING EVENTS 


(Meeting marked with an asterisk * is open to the public) 


Monday, January 5 


PHOTOBIOLOGY GROUP (in Room 179, Darwin Block, Bedford College, 
Regent’s Park, London, N.W.1), at 2 p.m.—Scientific Papers. 
INSTITUTION OF ELECTRICAL ENGINEERS, RADIO AND TELECOM- 
MUNICATION SECTION (at Savoy Place, London, W.C.2), at 5.80 p.m.-— 
Mr. H. T. Prior, Mr. D. J. R. Chapman and Mr. A. A. M. Whitehead : 
“The Application of Transistors to Line Communication Equipment’”’. 
Society OF INSTRUMENT TECHNOLOGY, CONTROL SECTION (at 
Manson House, Portland Place, London, W.1), at 6 2. J.C. 
Kubale: ‘Control Systems as Applied to Railways Signalling’. 
Socrrty OF CHEMICAL INDUSTRY, LONDON SECTION (at 14 Bel- 
grave Square, London, 8.W.1), at 6.30 p.m.—Mr. C. M. Berners-Lee : 
“Some Uses of Electronic Computers in the Chemical Industry”. 


Tuesday, January 6 


RoyaL AERONAUTICAL SocrETy (at the Royal Society of Arts, 
John Adam Street, Adelphi, London, W.C.2), at 3 p.m.—Dr. L. R. 
Shepherd: Lecture on Astronautics, 

INSTITUTION OF CHEMICAL ENGINEERS—(at the Geological Society, 
Burlington House, Piccadilly, London, W.1), at 5.30 p.m.—Mr. R. Ll. 
Rees and Mr. F. J. R. Taylor: “Feed Water and Boiler Water 
Standards in the Central Electricity Generating Board”; Mr. J. 
Arthurs, Mr. J. A. Robins and Mr. T. W. Whitefoot: “The Treatment 
of Water for an Industrial High Pressure Boiler Plant’. 

INSTITUTION OF ELECTRICAL ENGINEERS, MEASUREMENT AND 
UTILIZATION SECTIONS (at Savoy Place, London, W.C.2), at 5.30 p.m. 
—Mr. J. H. Davis: ‘Silicone Electrical Insulation”. 

INSTITUTION OF MECHANICAL ENGINEERS, INTERNAL COMBUSTION 
ENGINE GRouP (at 1 Birdcage Walk, Westminster, London, 8.W.1) 
at 6 p.m.—Discussion on ‘‘The Influence of Infinitely Variable Torque 
Conversion on Engine Design’”’. 

SoclETY OF CHEMICAL INDUSTRY, PLASTICS AND POLYMER GROUP 
(at 14 Belgrave Square, London, 8.W.1), at 6.30 p.m.—Dr. W. Hechel- 
— : “‘Polycarbonates—their Properties, Processing and Applica- 

ions”, 

_ SoclETY OF DYERS AND COLOURISTS, LONDON SECTION (joint meet- 
ing with the LoNDON SEcTION of the TEXTILE INSTITUTE, at the 
Chemical Society, Burlington House, Piccadilly, London, W.1), at 
6.30 p.m.—Prof. J. B. Speakman: “To Blend or not to Blend— 
That is the Question”. 


Wednesday, January 7 


GEOLOGICAL Society OF LONDON (at Burlington House, Piccadilly, 
—. iafo” * 5 ee a J. - van der Vierk (Leyden) : 

roblems and Principles of Tertiary and Quaternary Strati hy” 
(Fourteenth William Smith beomeed. @ ™ — 

RoYaL STATISTICAL SoorgtTy (at the London School of Hygiene 
and Tropical Medicine, Keppel Street, Gower Street, London, W.C.1), 
at : oe V. R. Cane: “Behaviour Sequences as Semi-Markov 

Ss. 

INSTITUTE OF PETROLEUM (at 61 New Cavendish Street, London, 
W.1), at 5.30 p.m.—Mr. G. H. Clark and Mr. D. A. Davidson: ‘“Petro- 
leum-Based Launching Lubricants”. 

Roya METEOROLOGICAL Society (at 49 Cromwell Road, London, 
8.W.7), at 7.45 p.m.—Dr. R. C. Sutcliffe, F.R.S.: “The Nature of 
Weather Forecasting” (Second Evening Discourse). 


Thursday, January 8 


INSTITUTION OF NAVAL ARCHITECTS (in the Weir Lecture Hall, 
10 Upper Belgrave Street, London, 8.W.1), at 4.45 p.m.—Dr. J. C. 
Hudson, Mr. J. F. Stanners and Mr. A. G. B. Miller: “The Surface 

paration of Ship Plate (Outer Bottom Plating) for Painting’. 
Qourrs OF REFRIGERATION (at the Institute of Marine Engineers, 

e Memorial Building, 76 Mark Lane, London, E.C.3), at 5.30 p.m. 
—Dr. G. G. Haselden : ‘‘An Economic Evaluation of Large Ammonia 
Absorption Refrigerating Machines”. 

WeTUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London 
Seas 32), at 5.30 p.m.—Dr. L. G. Brazier: First Hunter Memorial 


peetal AERONAUTICAL SociETY (at the Institution of Mechanical 
«igineers, Birdcage Walk, London, 8.W.1), at 6 p.m.—Mr. R. Hafner : 
The Tandem Rotor Helicopter”. 


Friday, January 9 


Ed SCHOOLS APPOINTMENTS BUREAU CONFERENCE (organized 
Pitrets = ics Institute, at the Borough Polytechnic, Lordon, 8.E.1), 


ASSOCIATION OF APPLIED BIOLOGISTS (in the Meetin 

— g Room of 
oa Entomological Society, 41 Queen’s Gate, London, 8.W.7), 

hea a.m.—Symposium on “Insects and Public Health”. 
nity a OF ELECTRICAL ENGINEERS, MEDICAL ELECTRONICS 
" cape S wre ag London, ah 6 p.m.— 
iscuss ysiologists’ uirements for D.C. Amplifiers” 

ay by Dr. M. H. Evans and Dr. G. B. B. Chaplin. °j 
Ody OF MECHANICAL ENGINEERS (at 1 Birdcage Walk, 
PW. Winton, 8.W.1 ), at 6 p.m.—Mr. R. R. Arnolé and Dr. 
Bard Metalg™. ress and Deformation Studies for Sandwich 
Y OF DYERS AND COLOURISTS, LONDON SECTION (at the 
sash, ior aes a SE 

poate » Mr. H. B. Mann & & xt Se 
Brightening Agents in Action”. . see iat 
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Saturday, January 10 


Lonpon County CouNnciL (at the Horniman Museum, London 
Road, Forest Hill, London, 8.E.23), at 3.30 p.m.—Mr. W. Watson: 
“The Mizutori Ceremony of the Todaiji Temple in Nara: a Puri- 
fication Ceremony After the New Year’’.* 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on or 
before the dates mentioned : 

CuigF Horvicuiturist (highly qualified, with an appropriate 
university degree, wide horticultural experience and preferably 
experience of tropical horticulture) IN THE DEPARTMENT OF RESEARCH 
AND SPECIALIST SERVICES, Ministry of iculture, Federation of 
Rhodesia and Nyasaland, to be responsible for advising on horti- 
cultural policy as well as formulating a suitable programme for horti- 
cultural research—The Secretary (R), Rhodesia House, 429 Strand, 
London, W.C.2 (January 17). 

ASSISTANT LECTURER, Grade A (male), at H.M. Dockyard Technical 
College, Singapore, to teach Mathematics and/or Sci The Direct 
(Y), Education Department, Admiralty, London, 8.W.1 (January 20). 

RESEARCH ASSISTANT (with a first- or good second-class degree in 
botany or zoology and training or research experience in cytol ‘ 
to work on cytological effects of ionizing radiation in plants—Dr. 
G. R. Lane, Department of Botany, The University, Southampton 
(January 24). 

LECTURER IN MATHEMATICS (PURE MATHEMATICS) at the University 
of Sydney, Australia—The Secretary, Association of Universities of 
the British Commonwealth, 86 Gordon Square, London, W.C.1 
(Australia, January 27). 

LECTURER IN CHEMISTRY, & LECTURER IN PHYSICAL CHEMISTRY, 
and LECTURERS (2) IN GEOGRAPHY at the University of Sydney, 
Australia—The Secretary, Association of Universities of the British 
Commonwealth, 36 Gordon Square, London, W.C.1 (Australia, 
January 30). 

LECTURERS (2) IN ZOOLOGY at the University of Sydney, Australia 
—tThe Secretary, Association of Universities of the British Common- 
wealth, 36 Gordon Square, London, W.C.1 (Australia, January 30). 

RESEARCH ASSISTANT (university graduate with research experience 
and with a knowledge of poultry husbandry) IN POULTRY HUSBANDRY 
for duties which will involve the planning and execution of experi- 
ments concerned with husbandry problems, together with the inter- 
pretation of the results and the preparation of reports arising from 
the work—The Principal, Harper Adams Agricultural College, New- 
port, Shropshire (January 30). 

LECTURER (honours science graduate, with experience in virology 
and in research methods) IN BACTERIOLOGY—The Secretary, The 
University, Edinburgh (January 31). 

LECTURER or ASSISTANT IN STATISTICS in St. Salvator’s College, 
St. Andrews—Joint Clerk to the University Court, College Gate, 
St. Andrews (January 31). 

LECTURER/SENIOR LECTURER IN AGRICULTURE (BIOMETRICAL 
METHODS) and a LECTURER IN AGRONOMY at the University of Sydney, 
Australia—The Secretary, Association of Universities of the British 
Commonwealth, 36 Gordon Square, London, W.C.1 (Australia, 
January 31). . 

LECTURER (with a degree in electrical engineering and preferably 
experience in one or more of the fields of light current mane 
IN ELECTRICAL ENGINEERING at the University of Queensland, 
Australia—The Secretary, Association of Universities of the British 
Commonwealth, 36 Gordon Square, London, W.C.1 (Australia, January 


1). 

Scania TECHNICIAN (preferably with good qualifications in histo- 
logy) IN THE DEPARTMENT OF ZOOLOGY, University of Auckland, 
New Zealand—The Secretary, Association of Universities of the 
British Commonwealth, 36 Gordon Square, London, W.C.1 (New 
Zealand, January 31). 

IMPERIAL CHEMICAL INDUSTRIES RESEARCH FELLOWS IN BIO- 
CHEMISTRY, CHEMISTRY, ENGINEERING, PHARMACOLOGY, or PHYSICS 
—tThe Secretary, The University, Aberdeen (February 13). 

IMPERIAL CHEMICAL INDUSTRIES RESEARCH FELLOWS IN Pa#yYSIOsS, 
CHEMISTRY, BIOCHEMISTRY, ENGINEERING, METALLURGY and PHARM- 
ACOLOGY or any related subjects—The Registrar, The University, 
Liverpool (February 14). 

LECTURER (with experience in one of the following fields of research : 
(a) adsorption and heterogeneous catalysis; (b) use of radioisotopes ; 
2] gas chromatography) IN PHYSICAL CHEMISTRY—The Secretary, 
The Queen’s University, Belfast (February 14). 

LECTURER IN MECHANICAL ENGINEERING—The Secretary, The 
Queen’s University, Belfast (February 20). 

PROFESSOR OF ANATOMY at the University of Queensland, Australia 
—tThe Secretary, Association of Universities of the British Common- 
wealth, 36 Gordon Square, London, W.C.1 (Australia, February 28). 

RESEARCH FELLOW (Ph.D. standard) IN THE DEPARTMENT OF 
Botany, to undertake research in the fleld of mycology and/or plant 
pathology—The Registrar, The University, Birmingham 15 (March 1). 

LECTURER or ASSISTANT LECTURER IN ELECTRONIOS—The Secretary 
and Registrar, The University, Southampton (March 14). 

LECTURERS or ASSISTANT LECTURERS (with experience in at least 
one of the following fields: generation, transmission and/or distribu- 
tion of electrical power, measurements, electrical machinery) IN 
ELECTRICAL ENGINEERING—The Secretary, The Queen’s University, 
Belfast (March 20). 

LECTURER IN BOTANY, @ LECTURER IN ZOOLOGY and a LECTURER 
In BIOCHEMISTRY—The President, University College, P.O. Box 399, 
Addis Ababa, Ethiopia. 

Paysics TECHNICIAN _ rye with a knowledge of electronics 
or vacuum technique), for work on a high voltage accelerator— 
The Administrative Officer, R.B.U. Medical Research Council, 
A.E.R.E., Harwell, Berks. 

SCIENTIFIC ASSISTANT (TECHNICIAN) (preferably with some ex- 
perience of light engineering), to work on a project to develop 











66 


equipment for use in polagieal research and industry—Prof. O. L. 
rome hy Psychologicai Laboratory, The University, Downing Place, 
TECHNICIAN Goiey « with b sessions experience) FOR THE CHEM- 
IsTRY LABORA’ cretary, Royal Holloway College 
(University of London), Hngiefeli Green, Surrey. 


REPORTS and other PUBLICATIONS 


(not included in the monthly Books Supplement) 


Great Britain and Ireland 


The British Railway Locomotive 1803-1853: a Brief Pictorial 
History of the First Fifty Ig nad of a British Steam Railway Loco- 
motive. Compiled by G. F. W . 14432 pote. oaden: 
yo Stationery Office, 1958. oe Pablish ‘for the Science —, 
38 net. 2410 

Department of Scientific and Industrial Research: Building 
Research Station. National Building Studies. Research Paper 
No. 20: Reactions Between Aggregates and Cement. Part 4: Alkali- 

Aggregate Interaction : The Expansion Bar Test and Its Application 
to the Examination of some British tes for Possible Expansive 
Reaction with Portland Cements of High Alkali Content. By Dr. 
F. E. Jones and R. D. Tarleton. . iv+43+8 plates. 4s. net. 
Research Paper No. 25: Reactions Between Aggregates and Cement. 
Part 5: Alkali-Aggregate Interaction: Effect on Bending Strength 
of Mortars and the Development of Gelatinous Reaction Products and 
Cracking. Part 6: Alkali-A; te Interaction: Experience with 
Some Forms of Rapid and Accelerated Tests for Alkali-Aggregate 


Reactivity—Recommended Test Procedures. By Dr. F. E. Jones 
and R. D. Tarleton. 40 | aac plates. 4s. 6d. net. (London : 
H.M. Stationery Office, 1958.) geese 
Philosophical sovesesiteme of the mao — of London. ries 
B: Biological Sciences. No. 685, V 241 (23 October, 1958): 
Triangulate Monograptids from the — tee tec Zone 
Lower Llandovery) of the Rheidol i Cardiganshi By 
(anton: "Royal 


rgaret SO ee Pp. 485-555+plates 19-23. 


so + = A 58.) (2410 
Water Research Association. Third Annual Report, 1957-58. 
Pp. 31+4 plates. (Redhill: Water Research Association, 1658, N ee 
vee of Personnel Management. Annual Report 57-58. 
Pp. 23. (London: Institute of Personnel Management, 1958.) (2710 
The Use of the Hollerith 555 Electronic Calculator for Scien- 
tific Computation. By J. E. Hailstone. Pp. 38+appendix A and B. 
(London: Hollerith Group of Companies, British Tabulating Machine 
Co., Ltd., 1958.) [2710 
Organic Chemical Reagents. Monogra' Le. No. 36: Wn 


Acid: Reagent for Zirconium. is Newman. . 4, (Chadwell 
Heath: Hopkin and Williams, L’ 3010 
Department of Scientific and industrist Research. Fuel Research 


1957: Report of the Fuel Research Board with the Report of the 
Director of Fuel Research for 1957. Pp. iv+59+4 plates. (London : 
HLM. Stationery Office, 1958.) 4s. 6d. net. [3010 

Air Minist Meteorological Office. Meteorological Reports, 
No. 20: Equivalent Headwinds at Heights of 30,000 feet and 40,000 
feet along Air Routes (Supplemented and Revised). By P. Graystone. 
z>. a (M.O. 621d.) (London: H.M. Stationery Office, oe 

ne 

gt Report from the Select Committee on Estimates together 
with the Minutes of the Further Evidence taken before Sub-Committee 
C and an Ap mere Session 1957-58—Nature Conservancy. Pp. 
ix+79. (London: H.M. Stationery Office, 1958.) 5s. net. 3010 

Ministry of Agriculvare Fisheries and Food. Technical Bulletir 
No. 1: Specifieations and ‘nd ‘Methods of Analysis for Certain Pesticides. 
Compiled at the Plant Pathol Laboratory of the Ministry of 
Agriculture, Fisheries and Food. Edition. Pp. x+126. (London : 
H.M. Stationery Office, 1958.) 7s. n 3010 

Ethylene Diamine Tetra-Acetic weeid : a pa ye of Analytical 
Yess. = “wat (Middleton, Manchester : m any. 

19) 

International Association for the mag of — for Technical 
Experience. Eleventh Annual Report, Pp. ndon : 
International eo for the —. of students for Technical 

rience, 1958. 3010 
ity of Shamohsoter —_ Libraries. 106th Annual Report of the 
Libraries Committee -1958. Pp. 24. (Manchester e ”" “y 
Libraries, 1958.) 

Planning, Vol. 24, No. 427 (81 October, 1958): REE > 

Television. Pp. 225-256. (London: Political and Economic Planning, 


1958.) 38. 6d. $11 
British Drug Houses, Ltd. Sugar Phosphates and some Closely 
Related Substances. Pp. 20. (Poole: British Drug Houses, Ltd., 


958.) 311 
a emeye of Chemical Engineers. Notes on Laboratories for the 
Chemical Singin Chemical 9 ae Pp. 11. (London: Institution of 
neers, 1 
brary of Medicinal Plante 778 -e by Henry D. de Laszlo, 

PH.D.” Bp, il. (Cambridge: W. Heffer and Sons, Ltd., "1988 
1 

Government of Northern Ireland : my 44 of Agriculture. Leaflet 
No. 122: Poultry Mites, Lice and Fleas. Pp. 8. (Belfast : Ministry of 
Agriculture, 1958.) [811 

Bulletin of the British Conf on Automation and Computation, 
Vol.1, No. 1(September-Getober 1058). Pp. 20. ene Siaenthiy. 
Subseription rate : ee annum; single ues, 2s. (London: 
1086.) ‘ Bulletin, a Institution of Mechani cal ieestitt 


tural Research Institute of Northern Ireland, oer 
= a Annual Report, 1957-1958. Pp. 42 (Hills- 
Co. Agricultural Research Institute of solic 





= borough, 
Treland, 1958. = 
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Other Countries 
Chicago ey History “ee Fieldiana: Botany. Vol, %, 


Part 1: Flora of Guatemala. By Paul C. Standley and Julian 
Steyermark. . ix +478 (121 ace 8 dollars. Seitiacee a a 
ogy. Vol. 10, 0.33: New ers of the Family Sirenidae from 


the Cretaceous of North ‘America. By Coleman J. Goin and Walter 
Autheberg, Pp. 449-459. 45 cents. Fieldiana: Zoology. Vol, 39, 
No. 16: Descriptions of Abyssal Benthic Fishes from the Gulf of 
Mexico. By Marion Grey. Pp. 149-183. 75 cents. Vol. 39, No, 17: 
Streblidae from Yemen, with Tre of One Subspecies of Asco- 
di (Diptera). By B. es at 39, No. 18: Egyptian Snakes 
of the Genus Psammophis. ymen 191-200. 30 cents, 
Vol. 39, No. 19: Some fice’ or Tie tenth exican Coral Snakes, 
By Kari B. Schmidt. Pp. 201-212. 25 cents. (Chicago, Ill. : Chicago 
Natural History Museum, 1958.) (2710 
Forty-first Annual Report of the National Research Council z 
Canada, 1957-1958, including the Annual Report of Canadian Patents 
and Development Limited. Pp. 54. (N.R.C. No. 4783.) (Ottawa: 
Queen’s Printer, 1958.) [2710 
Microwave Propagation in Snowy Districts. Edited by Prof. Y, 
Asami. (Monograph Series of the Research Institute of Applied 
Electricity, No. 6, 1958.) Pp. v+198. (Sapporo: Research Institute 
of Applied Electricity, Hokkaido University, 1958.) Bne 
Department of Fisheries, Ceylon. Fisheries Research Sta 
Colombo. Bulletin No. 7: M nization of Fishing Craft pe = 
Use of Improved Fishing Gear. By E. R. A. de Sylva. Pp. 24+1 map, 
Administration Report of the Dinestor of Fisheries for 1957, Pp. 31. 
80 cents. (Colombo: Government Publications Bureau, 1958.) {3010 
Infra-red Absorption of the Carbon-Carbon Double Bond Stre' 
Vibration. By G. Dijkstra. (Academic Thesis for the examination 
for the degree of Doctor of Science in the University of Amsterdam.) 
Pp. 107. (Amsterdam: G. Dijkstra c/o The University, 1958.) [3010 
Transactions of the National Institute of Sciences of India. Vol. 4, 
No. 1: The Petrography and Petrogenesis of Fe ggg mal ~_— of 
Deccan Trap Penetrated by Borings in Western India. By Dr. W. D. 
West. Pp. 1-56+3 Migs (New Delhi: National Institute of Seles 


of India, 1958.) Rs ro 
Chicago Natural History Museum. Fieldiana: Geolo; oy. Vol. 11, 
No. 9: Early Devonian Fishes from Utah, Part 3: Arthrodira. By 


Robert H. Denison. Pp. 461-551. 2.50 dollars. Fieldiana : Zoology. 
Vol. 36, No.5: Birds of Voleén de Chiriqui, Panama. By Emmet R. 
Blake. Pp. 499-577. 1.50 dollars. Vol. 42, No. 3: Philippine Zoo- 
logical Expedition, 1946-1947. A synopsis of Philippine Endomychidae 
Coleoptera). By "M. F. Strohecker. . 19-48. 75 cents. Vol. 42. 

0. 4: Philippine Zoological Expedition, 1946-1947. Notes on 
Philippine Mallophafa, 1: Species from Ciconiiformes, Anseriformes, 
Falconiformes, Galliformes, ey and C iiformes. By 
K. C. Emerson and Ronald A d. Pp. 49-61. 30 cents. Vol. 42, 
No. 5: Philippine Zoological Wepodition 1946-1947. Stag Beetles 
(Coleoptera : Lucanidae). By Bernard Benesh. Pp. 63-75. 30 cents. 
(Chicago, lll.: Chicago Natural History Museum, 1958.) [3010 

Museum of Comparative rie at Harvard College. Breviora. 
No. 92 (September 17, 1958) : w Genus of Erethizontid Rodents 
from the Co Ihuehuapian of FP. d, By Bryan Patterson. . 4. 
No. 93 (September 18, 1958): A New Barylambdid Pantodont from 
the Late Paleocene. By Bryan Patterson and Elwyn L. Simons. Pp. 8. 
No. 94 (September 18, 1958): Affinities of the Patagonian Fossil 
Mammal Necrolestes. By Bry: an Patterson. Pp. 14. No. 95 (capes 
ber 19, 1958): A New Bolivian Land Snail of the Genus 
Juan Jose Parodiz. Pp. 3. No. 96 ag ey 19, 1958): 
Dichobunid Artiodacty from the Uinta Eocene By C. Lewis = 

6. (Cambridge, Mass.: Museum of Comparative Zool 

Harvard College, 1958 .) 

aan Discussion of Short-Lived Solar Radio Transients >. 200 Me/s. By 

de Jager and F. Van ’T Veer. (Verlandelingen der Koninklijke 


. Akademie van i a Afd. Natuurkunde, 
Eerste Reeks, Deel 21, No. 3.) oR, ee N.V. Ni Noord: 
Hollandsche Uitgevers Maatscha ou. a (311 


Smithsonian Institution : en Observatory. Smithsonian 
Contributions to Astrophysics. Vol. 3, No. The Regression of the 
Node of the Quadrantids. By Gerald 8. Hawking and Richard B. 
Southworth. . 1i+6. 15 cents. Vol. 3, No.2: Catalogs of — 
Radiants. By rald S. Hawkins. Pp. ii+7-8. 10 cents. ( 
D.C.: Government Printing Office, 1 (sil 
World Health Organization. Technical ‘Report Series, No. 151: 
Mental Health Aspects of the Peaceful Uses of Atomic Energy: 
Report of a Study Group. . 58. (Geneva: World Health Organi- 
zation, London: H.M. Stationery Office, 1958.) 2 Swiss 
88. ; 0.60 dollars. $11 
Metropolitan Life Assurance Company. Statistical Bulletin, Vol. 39 
September, 1958): Children Growing Taller. ealth in Alaska. 
ngevity of Industrial Population io 1957. Decrease in Homicide 
re) Pp. 12. (New York: Metropolitan Life Assurance Commrstt 
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STATISTICIANS 


Experienced Statisticians are required in our Operational Research 
Department. One of the first of its kind in the Steel Industry, this depart- 
ment contributed among other things to decisions which led to the 
£50 million expansion scheme now in progress, a major development i- 


Britain’s productivity. 


A number of scientists, including a team of computer programmers, are 
engaged in a wide variety of research projects covering all aspects of 
Successful applicants will carry increasing responsi- 
bilities in a friendly department where personal merit is recognized. 

The successful applicants will be responsible for the design and conduct 
of industrial experiments with whatever assistance may be necessary and 
will have every opportunity of making major contributions to statistical 
discipline in Operational Research studies. 

Please write, giving full details of age, experience, qualifications and any 
further information considered relevant, to: 


Superintendent, Personnel Services, 
THE STEEL COMPANY OF WALES LIMITED 
] (Steel Division) 

Abbey Works, Port Talbot, Glam. 


Company operations. 











THE DISTILLERS COMPANY LIMITED 


PHYSICAL CHEMISTS 


British Geon Limited, an associate of The 
Distillers Company Limited, have a vacancy 
for a physical chemist in their research 
laboratories to investigate the fundamental 
properties of plastic materials. The factory 
and laboratories are situated in pleasant 

| semi-rural surroundings seven miles south- 
west of Cardiff. 


Candidates, aged not over 35, must hold 

a good honours degree in Chemistry, or an 

equivalent qualification. Experience of 

sither industrial or academic research in this 

| uf a related field is desirable, but recently 
qualified graduates will be considered. 


| Salary according to qualifications and 
experience ; non-contributory pension 
scheme. 
Write: 





STAFF MANAGER, 
THE DISTILLERS COMPANY LIMITED, 
i 21 ST. JAMES’S SQUARE, 
LONDON, S.W.1. 


Quote Ref. 96/58N. 


TEXTILE/COLOUR CHEMIST 

Courtaulds Limited requires a Textile or 
Colour Chemist (or Organic Chemist with an 
interest in dyestuffs) for its Droylsden Research 
Laboratory near Manchester. Good academic 
qualifications and at least two years’ industrial 
experience essential. . 

Candidates should write for a detailed form of 
application to the Director of Personnel, 
Courtaulds Limited, 16 St. Martins-le-Grand, 
London, E.C.1, quoting reference number D.92. 


McMASTER UNIVERSITY 

GRADUATE SCHOLARSHIPS IN PHYSICS 

Applications are invited for Graduate Scholar- 
ships in the Department of Physics, McMaster 
University, from students qualified to register in 
courses leading to the M.Sc. and Ph.D. degrees. 
These scholarships may be supplemented by De- 
Partmental! Assistantships, requiring ten hours per 
week service during the seven-month academic 
year, to provide a yearly income of $1,700 to 
$2,100. Theoretical and experimental research is 
in progress in several branches of nuclear and 
solid state physics. 

Graduate Calendars and application forms for 
graduate study may be obtained from the Secre- 
tary of the Faculty of Graduate Studies. Further 
information concerning the types of research in 
Progress and application forms for scholarships 
may be obtained from Professor H. E. Duck- 
worth, Department of Physics, Hamilton College, 
McMaster University, Hamilton, Ontario, Canada. 








APPOINTMENTS WANTED 





RESEARCH LEADER. UNIVERSITY AND 
industrial experience, organic, antibiotics, and ion- 
exchange resin applications seeks senior post. 
Chemical /Pharmaceutical.—Box 754, T. G. Scott 
and Son, Ltd., 1 Clement’s Inn, London, W.C.2. 





TRADE ANNOUNCEMENTS 


SILICA CONES AND SOCKETS. POLISHED 
Silica Discs. Ex-stock.—Send for details to 
Jencons (Scientific) Ltd., Mark Road, Hemel 
Hempstead, Herts. 





McMASTER UNIVERSITY 
GRADUATE SCHOLARSHIPS IN BIOLOGY 

Applications are invited for Graduate Research 
Scholarships from qualified students wishing to 
work towards the M.Sc. and Ph.D. degrees. The 
stipend for a twelve-month period is from $1,700 
to $2,200. Research in progress: Ecology, be- 
haviour, and nutritional physiology of aquatic and 
bloodsucking Diptera, emphasizing Simuliids ; 
population dynamics of grasshoppers (D. a 
Davies). Sensory physiology and behaviour in 
fish ; formation of lake bottom sediments (H. 
Kleerekoper). Viruses in wild plants ; cytological 
studies (W. D. MacCliement). Physiology of 
sporulation in Ascomycetes; physiology and 
genetics of yeast (J. J. Miller). Radiobiology and 
radiation protection; inhalation radiocardio- 
graphy ; cancer transplantation and _ irradiation ; 
experimental diabetes and beta cell regeneration ; 
tritium autoradiography (P. F. Nace). Experi- 
mental embryogeny ; organic terrain organization ; 
palaeobotany and developmental morphology ; 
applied palaeobotany and palynology (N. 
Radforth). 

Prospective applicants should write for further 
information to Professor H. Kleerekoper, Chair- 
man, Department of Biology, Hamilton College, 
McMaster University, Hamilton, Ontario, Canada. 
Application forms both for scholarships and 
graduate study are obtainable from the Dean of 
Graduate Studies and must be returned to him 
normally by March 1, 1959, accompanied by uni- 
versity transcript and letters of recommendation 
from two professors. 














BRITISH PETROLEUM COMPANY LIMI- 
ted has a vacancy for a Technical Librarian (male 
or female) for their Exploration Research Labora- 
lory at Sunbury-on-Thames. Graduates in any 
of the natural sciences required to take charge of 
the Technical Library, which is part of the In- 
formation Section of a Laboratory engaged on 
research in geology, geophysics, and petroleum 
cngincering. The post entails the supervision of 
three junior staff. Previous library experience, 
ncluding Qualifica- 
tons in librarianship desirable. Salary according 
‘© age and experience. Non-contributory pension 
‘heme. Removal and settling-in allowances pay- 
ible in certain cases. Luncheon club.—Write, 
Guoting reference H.F.2097, to Box 5962, c/o 
191 Gresham House, E.C.2. 








MISCELLANEOUS 





TRANSLATIONS FROM RUSSIAN, 
German and French by Ph.D. (Chemistry).—Box 
753, T. G. Scott and Son, Ltd., 1 Clement’s Inn, 
London, W.C.2. 


GRANTS & SCHOLARSHIPS 


THE UNIVERSITY OF SOUTHAMPTON. 
Applications are invited from holders of a good 
degree in chemistry or physics for a Research 
Studentship in Physical Chemistry of value £400 
per annum plus fees, available January, 1959, 
leading to degree of Ph.D. Field of study will 
be the measurement of contact angles under 
unusual conditions.—Send details of qualifications 
and names of two referees to Dr. A. C. Riddi- 
ford, Chemistry Department, The University, 
Southampton. 











THE ROYAL SOCIETY 
BROWNE RESEARCH FUND 

The Council of the Royal Society is prepared 
to consider applications for personal grants to 
enable individuals to carry out research in marine 
biology. Applications are receivable from per- 
sons already holding posts in universities or other 
institutions to enable them to undertake specific 
research at a marine biological laboratory for 
periods up to 12 months, on the understanding 
that their university or other positions would 
meanwhile be kept open for them. Applicants 
should give the following information: (i) The 
period for which a grant is required. (ii) The 
sum which is required, including an estimate of 
the loss of salary which would be incurred during 
absence from duty. (iii) Evidence that leave of 
absence for the necessary period would be likely 
to be obtained. (iv) A summary of the research 
which it is proposed to carry out. ‘v) The names 
of not more than two referees who will support 
the application. (Where the applicant is a Fel- 
low of the Royal Society no referees need be 
named.) 

In accordance with Mr. Browne’s bequest, pre- 
ference will be given to those who propose to 
work on purely scientific problems rather than to 
those whose work would be primarily directed 
towards an economic end. Applications should 
be sent to the Assistant Secretary to the Royal 
Society, Burlington House, London, W.1, not 
later than January 31, 1959. 











Carminic Acid jemsa Stain 
larwood Oil Janus Green, B. 
lodin Lacmoid 





MICHROME STAINS, ETC. 
for Microscopy & Biology 
62 page catalogue (1958) available on request 
Toluidine Blue 


Urease 

Wright Stain, &c. 
Quality. Service. Reliability. Immediate Delivery. 
EDWARD GURR LTD. 


{ Upper Richmond Road West, London, $.W.14, England 6, 
Telegrams: Micromlabs, Put, London. Telephones: PROspect 8051 





& 7606 


BRASS e COPPER e DURAL 

e ALUMINIUM e BRONZE e 

ROD, BAR, SHEET, TUBE, STRIP, WIRE 
3,000 STANDARD STOCK SIZES 

No Quantity too small 

H. ROLLET & CO., LTD. 


HESHAM PLACE -l. SLOane 3463 
Also at: LIVERPOOL, LEEDS, MANCHESTER, BIRMINGHAM 


@ List on application 


, LONDON, S.W. 
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BECK 
LOW POWER BINOCU 


ot YWTERFERENCE) oo 


sere \ ieee The many uses in 
-M I Cc R O S C O Pp E ' | | industry and science. 
| for which this type: 
of microscope is * 
— the most ma FeX suited are fully ex 
' plained in booklet, 
post free on app : 
advance al cation. 


important 


, e % 
Senet ee : Wy OR. & J. BECK Ltd. 
of recent years 69/71 OK STREET 

NDON, W.T- 


C. BAKER orf Holbom LTD. 


METRON WORKS, PURLEY WAY 
CROYDON, SURREY 
CROydon 3845-6-7-8 


GRANT 


THE STANDARD LABORATORY WATER BATH | 











Range 10°C. to 100°C. 
Sensitivity + 0-25°C. 
Propeller or pump stirring. 
Stainless steel tanks. 

Prices £27 5 0 to £32 0 0. 
All accessories available. 
12 months. guarantee. 


SB2 bath, 
18" x 8" x 74" 
£28 10 0 


GRANT INSTRUMENTS 
BARRINGTON, CAMBRIDGE 
Telephone: HARSTON 528 


Printed in Great Britain by FisHer, Knicut & Co., Ltp., The Gainsborough Press, St. Albans, and published by MACMILLAN & Co., 
at St. Martin's Street, London, W.C.2, and ST. MARTIN’s Press, INC., 103 Park Avenue, New York 17, N.Y., U.S.A.—Saturday, January 3, I * 














